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FOREWORD 


TAC  directed  the  USA?  Fighter  Weapons  School,  Nellis  AFB,  Nevada, 
to  conduct  an  evaluation  to  determine  the  most  suitable  offensive  and 
defensive  maneuvers  for  the  F-100,  F-104,  F-105  and  F-4C  versus  MIG 
15/17  type  aircraft. 

Colonel  James  C.  Hare,  Commandant,  Fighter  Weapons  School,  was 
designated  project  officer.  Authority  for  the  conduct  of  the  test 
was  TAC  message  C-0054,  28  April  1965  (SECRET).  This  report  Is  sub* 
mitted  in  accordance  with  TACR  80-1. 

Assistant  project  officers  were  designated  for  each  type  of  par¬ 
ticipating  aircraft.  F-86H,  F-104  and  F-4C  team  commanders  were  so 
designated  for  their  --espective  types  of  aircraft. 


F-86H 

-  Lt  Col  Joseph  J.  Maisch,  Jr. 

175  TFG,  Md  ANG 

F-100D 

-  Capt  Zeke  D.  Williams 

USAF  FWS 

F-104C 

-  Capt  Philip  E.  Smith 

475  TFW,  George  APB,  Calif 

F-105D 

-  Capt  Michael  S.  Muskat 

USAF  FWS 

F-4C 

-  Lt  Col  Ralph  S.  Parr,  Jr. 

4453  CCTW,  Davis  Hon than  AFB,  Ariz 

UNCLASSIFIED 

FINAL  REPORT 

AIK.  COMBAT  TACTICS  EVALUATION 
TAC  MISSION  FF-857 
26  APR  -  7  MAY  1965 

This  report  was  prepared  by  personnel  of  the  USAF  Fighter  Weapons 
School,  Nellis  AFB,  Nevada.  Comments  should  be  directed  to  Hq  Tactical 
Air  Command  (DO)  with  info  to  USAF  FWS. 

Report  prepared  oy: 


Captain,  USAF 
FWS 


APPROVE 


FRANK  K.  EVEREST,  JR. 
Colonel,  USAF 
Commander,  4520  CCTW 
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The  objectives  of  the  Evaluation  (TAC  Mission  FF-857)  were  to 
determine  the  most  suitable  offensive  and  defensive  maneuvers  for  the 
1-100,  F-104,  F-105  and  F-4C  versus  MIG  15/17  type  aircraft.  Energy 
maneuverability  diagrams  were  used  to  substantiate  conclusions  and 
i.' 'commendations.  Use  of  energy  maneuverability  concept  for  planning 
was  limited;  however,  because  necessary  energy  maneuverability  diagrams 
were  not  available  for  the  F-86H  aircraft,  which  simulated  the  MIG  15/ 
MIG"  17  types. 

It  was  determined  that  the  F-100.  F-104,  F-105  and  F-4C  should 
avoid  co-speed,  high  angle  of  attack  engagements  with  the  MIG  15/17 
type  aircraft.  Ov  the  offensive,  a  speed  advantage  should  be  main¬ 
tained.  On  the  defensive,  maneuvering  in  an  attempt  to  cause  an  over¬ 
shoot  will  probably  be  unsuccessful.  Therefore,  an  attempt  to  dis¬ 
engage  should  be  made  by  reducing  the  angle  of  attack  and  using  max 
power  to  move  out  of  the  attacker's  range,  maneuvering  as  necessary 
to  spoil  a  tracking  solution  until  well  outside  gun  and/or  missile 


range. 

Performance  data  obtained  in  this  test  is  in  agreement  with  data 


obtained  from  energy  maneuverability  diagrams. 
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1.  INTRODUCTION :  In  Southeast  Asia  our  supersonic  P-lOOs,  F-105s  and 
F-4s  have  engaged  or  been  engaged  by  subsonic  MIG  15s  and  MIG  17s. 

The  results  of  these  engagements  indicate  an  urgent  need  to  determine 
the  most  suitable  offensive  and  defensive  maneuvers  to  he  employed 
against  the  MIG  15/l?s.  The  F-100,  F-104,  F-105  and  F-4C  were  evalu¬ 
ated  in  simulated  air-to-air  combat  using  the  F-86H  as  MIG  15/17  com¬ 
parable  aircraft. 


2.  DESCRIPTION  OF  TEST  ITEMS;  Refer  to  flight  handbooks  for  informa¬ 
tion  on  the  following  types  of  aircraft  used  in  the  test. 

a.  Three  F-lOODs  provided  by  the  4520th  CCr  Tng  Wg. 

b.  Three  F-1Q4CS  provided  by  the  47Sth  Tac  Ftr  Wg. 

c.  Five  F-1050/Fs  provided  by  the  4520th  CCr  Tng  Wg. 

d.  Three  F-4Cs  provided  by  the  4453rd  CCr  Tng  Wg. 

e.  Five  F-86Hs  provided  by  the  Maryland  and  the  New  York  Air 
National  Guard. 

For  purposes  of  the  evaluation,  all  aircraft  were  considered  to 
be  equipped  with  20mm  cannon,  either  M-39  or  11-61,  and  with  AIM-9/B 
missiles.  This  assumption  was  made  in  view  of  pending  F-4C  gun 
installation. 

3  PURPOSE  0?  TEST:  To  determine  the  best  offensive  and  defensive 
maneuvers  to  be  employed  against  MIG  15/17  type  aircraft  and  to  verify 
through  flight  test  certain  data  and  conclusions  obtained  from  energy 
mrneuverability  diagrams. 

4.  OBJECTIVES  OF  TEST:  The  objectives  of  this  evaluation  were  to 
determine  the  following: 


a.  Most  suitable  offensive  maneuvers. 


b.  Most  suitable  defensive  maneuvers. 

c.  Most  suitable  element  tactics. 

d.  Verify  certain  energy  maneuverability  data. 

5.  CONCLUSIONS: 

a.  General: 

(1)  If  F-100,  F-304,  F-105  or  F-4C  cruising  at  .9  mach  or 
below  are  engaged  by  MIG  15/17  type  aircraft,  executing  .95  rach 
attacks  from  the  rear  hemisphere,  the  best  course  of  action  is  to 
employ  a  maximum  power  acceleration  to  supersonic  speed  for  separa¬ 
tion  rather  than  employing  defensive  maneuvers  designed  to  force  an 
overshoot. 

(2)  If  such  attackfare  detected  within  minimum  separation 
range  (3000-4000*  for  F-4C,  4000-5000*  for  F-104,  5000-7000'  for  F-100 
and  F-105),  an  accelerating  diving  spiral,  max  power  escape  is  recom¬ 
mended. 

(3)  If  such  attacks  are  detected  at  attacker  gun  fire  range, 
a  break  followed  immediately  by  the  diving  spiral  must  be  attempted. 

(4)  For  offensive  use  during  a  maneuvering  fight,  the  AIM-9/B 
Is  severely  limited  in  that  the  launch  capability  is  restricted  by  low 
angle  off  and  G  limitations. 

(5)  Evaluation  of  TAG  fighter  maneuvering  flight  capabilities 
at  low  altitude  (2000-15,000*)  was  not  analyzed  due  to  the  Imposed 
10,000*  AGL  minimum  altitude  restriction.  Such  capability  Is  predicted 
by  current  energy  maneuverability  data  to  be  greater  than  at  higher 
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altitudes. 


(6)  According  to  participating  F-4C  aircrews,  opportunities 
were  presented  for  employment  of  AIM-7  and  particularly  AIM-7E  mis¬ 
siles;  however,  live  testing  against  maneuvering  targets  is  required 
immediately  to  verify  predicted  capabilities. 

b.  F-100D: 

(1)  Defensive  employment  of  descending  hard  turns  is  recom¬ 
mended  to  defeat  AIM-SB  type  missile  attacks.  F-100  mach  should  be 
maintained  at  .9  or  higher. 

(2)  Defensive  employment  of  breaks  is  recommended  to  defeat 
gun  attacks  detected  within  or  slightly  outside  gun  firing  range. 
Breaks  should  be  continued  to  a  diving  separation  maneuver  if  an 
offensive  position  is  not  achieved  by  a  break  maneuver. 

(3)  Use  of  high  G  rolls  or  scissors  maneuvers  to  gain  an 
offensive  position  is  not  recommended  against  F-86H  type  aircraft. 

(A)  F-100  attacks  should  be  initiated  with  a  high  energy 

level  (approximately  mach  1)  to  enable  closure  to  firing  range  prior 
to  excessive  speed  'oss  in  attempting  to  track  defending  F-86H  type 
aircraft  through  turns.  Thu,  r  li  away  and  down  is  normally  the  best 
disengagement  method  following  such  attack. 

c.  F-104C  and  F-AC: 

(1)  Defensive  employment  of  descending  hard  turns  is  recom¬ 
mended  to  defeat  A1M-9/B  type  missile  attacks.  Mach  number  of  approx¬ 
imately  .9  or  higher  should  be  maintained. 
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(2)  Defensive  employment  of  breaks  is  recommended  to  defeat 


gun  attacks  detected  within  or  si*  htly  outside  gun  fire  range. 

Breaks  should  be  continued  to  a  diving  separation  maneuver  if  an  offen¬ 
sive  position  is  not  achieved. 

(3)  Use  of  high  G  rolls  or  scissors  maneuvers  to  gain  an 
offensive  position  is  not  recommended  against  F-86R  type  aircraft. 

(4)  F-104  and  F-4C  attacks  should  be  initiated  at  a  high 
energy  level  (1.2  ttach  or  higher)  to  enable  closure  prior  to  excessive 
loss  of  airspeed  in  attempting  to  track  defending  F-86  type  aircraft 
through  turns.  The  roil  away  and  down  is  the  best  disengagement 
method  following  such  attack. 

(5)  If  a  gun  attack  is  detected  at  approximately  4000'  or 
greater  range,  a  0  to  1C  max  power  dive  for  separation  employing 
sporadic  rolling  maneuvers  is  recommended. 

d.  F-105D: 

(1)  Defensive  employment  of  descending  hard  turns  is  recom¬ 
mended  to  defeat  AXK-9/3  type  missile  attacks.  F-105  mach  should  be 
maintained  at  .9  or  better  to  conserve  maneuvering  potential. 

(2_)  Defensive  employment  of  breaks  is  recommended  to  defeat 
gun  attacks  detected  within  or  slightly  outside  of  gun  fire  range. 

Breaks  should  be  continued  itmr;diately  to  a  diving  spiral  separation 
maneu'--r  if  not  successful  in  forcing  overshoot.- 

(3.)  Use  of  high  G  rolls  ever  or  scissors  maneuvers  to  force 
overshoot  and  regain  the  offensive  is  not  reccmne.„ded  against  F-86H 
type  aircraft.  The  use  of  a  high  G  roll  under  will  result  in  an 
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attacker  overshoot  3000-5000*  above  the  defender,  but  leaves  the  P-105 
with  little  maneuvering  potential. 

(4)  F-105  attacks  should  be  initiated  with  a  high  energy 

level  (1.2  -  1.3  mach)  to  enable  closure  to  firing  range  prior  to 
excessive  speed  loss  in  attempting  to  track  defending  F-86  type  air¬ 
craft  through  turns.  The  \  roll  away  and  down  is  the  best  disengage¬ 
ment  method  following  such  attack. 

6.  RECOMMENDATIONS :  The  following  actions  are  recommended: 

a.  Tactical  fighter  aircrews  be  provided  the  information  in  this 
report  on  an  expeditious  basis. 

b.  Tactical  formations  be  utilized  by  TAC  fighter  flights  that 
emphasize  good  lookout  capability  and  mutual  coverage,  due  to  the 
necessity, as  determined  by  this  evaluation, to  detect  enemy  MIG  15/17 
type  aircraft  attacks  at  sufficient  distance  to  gain  separation  and 
then  re-engage  at  higher  mach. 

c.  Fighter  pilots  and  commanders  should  not  consider  ACT  maneuver¬ 
ing  obsolete  as  a  result  of  this  evaluation.  The  conclusions  that  accel¬ 
erating  separation  maneuvers  offer  the  best  course  of  action  is  valid 
only  against  mach  limited  enemy  fighters.  Such  maneuvers  may  not  be 
possible  if  TAC  fighters  are  attacked  by  MIG-21  cr  later  type  Soviet 
aircraft  and  a  resort  to  overshoot  forcing  defensive  maneuvers  may  be 
necessary. 

d.  To  increase  proficiency  in  flyirg  widely  spread  tactical  forma¬ 
tions,  the  use  during  training  of  ’'route1'  formation  should  be  minimized 
and  maximum  use  be  made  of  tactical  formations. 
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e.  Realistic  wing  level  Air  Combat  Tactics  training  programs 
should  be  conducted,  to  include  flying  clean  aircraft,  and  to  include 
minimum  restriction  on  maneuvering  other  than  flight  handbook  limita¬ 
tions. 

f.  In  future  procurement  of  air  superiority  fighters,  considera¬ 
tion  should  be  given  to  the  desirability  of  high  positive  energy  rate 
values  while  under  G  load  (see  Annex  G) .  Without  this  characteristic, 
speed  and  altitude  loss  during  high  G  maneuvering  is  rapid. 

7.  DEFICIENCIES: 

a.  Rearward  lookout  capability  in  F-105  and  F-4C  was  found  to 
be  severely  restricted.  The  presence  of  cockpit  mirrors  did  not 
alleviate  the  problem. 

b.  AIM-9/3  launch  parameters  of  launch  aircraft  G  load  and  angle 
off  severely  restrict  the  use  of  this  missile  in  a  maneuvering  flight. 

c.  Specific  P-4C  dericiencies  are  as  listed  in  Annex  E,  F-4C 
Team  Summary. 

8 .  TEST  ENVIRONMENT  AND  PROCEDURES : 
a.  Test  Environment: 

(1)  This  evaluation  was  conducted  by  Tactics  Development 
Division  and  Operations  and  Training  Division,  USAF  Fighter  Weapons 
School,  Nellis  AFB,  Nevada. 

(2)  All  physical  testing  was  conducted  in  FAA  Special  Operat¬ 
ing  Areas  within  the  Nellis  local  flying  area  from  flight  level  240 

to  410,  and  in  thu  underlying  local  flying  area  from  10,000'  AGL  to 
flight  level  23$. 
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(3)  Sorties  were  flown  employing  the  P-86H  versus  F-100D, 
F-104C,  F-105  and  F-4C  aircraft. 

(4)  All  sorties  were  flown  in  a  clean  configuration  with 
full  internal  fuel. 

(5)  Recovery  distance  was  60-100  KM,  with  normal  initial 

P  tf 

approach  fuel  at  homeplate^with  limited  alternate  allowance.  Missions 
averaged  40-50  minutes  in  duration  with  sufficient  fuel  for  2  to  4 
engagements  totaling  20-30  minutes.  Optimum  return  cruise  and  idle 
power  descents  were  used  frequently. 

(6)  The  experience  level  of  the  majority  of  the  26  participat¬ 
ing  pilots  was  high,  both  in  terms  of  jet  and  unit  equipped  aircraft, 
as  indicated  in  Annex  C. 

b.  Procedures: 

(1)  Emphasis  was  placed  on  one  versus  one  sorties  (one  F-86H 

vs  one  F-100,  one  F-86H  vs  one  F-105,  etc.),  to  evaluate  all  appropriate 
offensive  and  defensive  maneuvers.  An  attacker  and  defender  were 
designated  on  each  flight  to  provide  equal  sampling  of  offensive  and 

defensive  maneuvers.  Initial  engagement  conditions  were  prebriefed  to 

/ 

simulate  either  combat  air  patrol  (.85  -  .95  mach  at  30  -  35M  depending 
on  type  aircraft)  or  low  altitude  approach  to  ground  target  (300  -  330 
KCAS  at  20mV 

(2)  Two  missions  of  two-versus-two  were  scheduled  for  each 
TAC  fighter  to  evaluate  element  tactics.  TAG  fighters  were  designated 
attackers  on  one  two-versus-two  mission  and  as  defenders  on  the  other. 


COilFIDh'iTlAi: 

(3)  Participants  were  briefed  to  obtain  data  on  sustained 
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”GH  capability  at  various  mach  numbers  and  at  15M  and  35H  feet  to 
verify  energy  maneuver ability  PsV  diagrams. 

(4)  Test  data  cards  were  compiled  during  flight  and  i\-  flight 
debriefing  (see  Annex  B) .  The  cards  were  then  turned  in  to  a  project 
officer  to  be  used  in  preparing  the  final  report. 

(a)  Description  of  Test  Data  Cards  (see  Annex  B) : 

_1  Test  Data  1  Card  was  used  on  ACT-1  (Air  Combat 
Tactics  1),  ACT-2,  and  ACT-X.  On  all  ACT-1  flights  the  F-86H  was 
designated  the  attacker  and  the  TAG  fighter  was  designated  the  defender. 
The  F-86H  was  given  an  initial  advantage  of  speed,  altitude  and  posi¬ 
tion.  As  the  F-86  closed  for  a  gun  attack,  the  defender  countered  with 
a  prebriefed  defensive  maneuver,  i.e.,  break,  hard  turi,  scissors,  high 
"G"  barrel  roll,  etc.  Engagements  were  terminated  after  desired  evalu¬ 
ation  of  maneuvers  was  made.  ACT-2  was  identical  to  ACT-1  with  the 


exception  that  che  F-86  assumed  an  initial  defensive  role  and  the  TAC 
fighter  aosumed  an  offensive  role.  ACT-X  was  used  to  repeat  portions 
of  ACT-1  or  ACT-2  as  deemed  necessary  tor  evaluation. 

2  Test  Data  2  Card  (was  used  on  ACT-3  and  ACT-4  and 
ACT-X).  This  card  is  basically  the  same  as  Test  Data  1  Card  except  both 
aircraft  were  equipped  (simulated)  with  AIM-9/Bs  in  addition  to  guns. 

The  attacker  initially  attempted  to  position  for  a  missile  launch,  but 
once  the  missile  attack  was  nullified  a  fvllow-up  gun  attack  was 
attempted.  On  ACT- 3,  the  F--86H  was  the  attacker  with  the  TAC  fightei 
defending.  The  roles  were  reversed  on  ACT-4.  ACT-X  was  used  to  repeat 


any  portions  of  ACT- 3  and  ACT-4  deeneu  necessary  for  the 
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3  Test  Data  3  Card  was  used  on  ACT-5,  ACT-6  and 
ACT-X,  to  collect  data  on  element  tactics  (2  vs  2) .  On  ACT-5  the 
F-86H  assumed  the  attacker  roles,  with  the  TAC  fighters  defending. 

The  roles  were  switches  on  ACT-6.  ACT-X  was  used  to  repeat  portions 
of  ACT-5  and  ACT-6  as  deemed  necessary  for  the  evaluation.  Defensive 
splits,  offensive  counters  to  the  sp’it  and  the  ability  to  lend  mutual 
support  were  to  be  evaluated. 

(5)  Immediately  following  the  evaluation,  team  leaders 
of  the  participating  visiting  teams  (F-86H,  F-4C  and  F-]G4)  were  asked 
to  record  their  comments  and  conclusions  for  inclusion  in  this  report. 
Although  specific  conclusions  in  some  cases  differ  from  those  in  this 
report,  the  team  summaries  are  included  in  Annex  E  in  an  attempt  to 
portray  the  diversity  of  thought  on  the  subject  of  air  combat  tactics, 
and  counter  any  possible  bias  on  the  part  of  the  project  officers. 

9.  TEST  RESULTS  AND  DISCUSSION: 

a.  General :  Although  then  are  considerable  differences  in  per¬ 
formance  capabilities  of  the  TAC  fighters  evaluated,  they  all  share 
the  same  basic  advantages  and  disadvantages  when  compared  to  an  F-86H 
type  aircraft.  The  F-100,  F-104,  F-105  and  F-4C  all  have  an  advantage 
in  top  speed,  all  have  &  sustained  G  advantage  at  high  mach  numbers, 
and  all  have,  a  disadvantage  in  sustained  G  at  low  mach  numbers.  When 
these  facts  are  known,  certain  conclusions  are  obvious. 

(1)  Take  advantage  of  the  superior  speed  of  the  TAC  fighters. 

(2)  Don't  slow  down  and  turn  with  F-86H  type  aircraft. 

(3)  Employ  "hit  and  run"  tactics. 
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Results  of  this  evaluation  strongly  support  these  foregone  con¬ 
clusions.  During  the  evaluation  the  following  results  were  identified. 
It  must  be  emphasized  that  the  missions  flown  during  this  test  were 
not  ''hassles"  or  "rat  races".  Prebriefed  maneuvers  were  flown  and 
evaluated,  even  though  in  some  cases  these  maneuvers  were  known  to  be 
ineffective  or  foolhardy.  In  other  words,  the  TAC  fighters  did  not 
just  play  their  game,  but,  for  the  purpose  of  this  evaluation,  slowed 
down  and  played  the  F-86's  game. 

A  discussion  of  each  of  the  TAC  fighters  versus  the  F-86H  follows. 
First,  defensive  situations  will  be  covered,  analyzing  effective  and 
ineffective  defensive  courses  of  action.  At  the  start  of  each  engage¬ 
ment  the  TAC  fighter  defender  used  a  relatively  low  mach  number  to 
allow  the  F-86H  to  close  and  although  the  attack  was  detected,  did 
not  attempt  escape  until  the  prebriefed  defensive  maneuver  initiation 
range  was  reached  by  the  attacker.  Second,  offensive  situations  will 
be  discussed,  covering  not  only  how,  but  how  not  to  maneuver  on  the 
offensive. 

b.  F-100  vs  F-86H: 

(1)  F-100  Defender,  F-86H  Attacker: 

(a)  Maneuvering  against  a  missile  attack:  A  typical 
defensive  engagement  began  with  the  F-86H  at  5-7  o'clock  high  and 
approaching  missile  range.  Assuming  the  attack  was  detected  prior  to 
launch,  a  hard  turn  into  the  attack  placed  the  attacker  outside  tne 
missile  launch  envelope.  During  this  evaluation  it  was  difficult  to 
analyze  maneuvering  against  a  missile  attack,  because  of  the  pilot's 
inability  to  judge  angle-off,  range,  and  rate  of  closure.  It  was 
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considered,  however,  th.it  a  three-"G"  turn  into  the  attack  would  nullify 
the  missile  attack  by  placing  the  attacker  outside  angle-off  launch 
parameters.  As  the  attacker's  range  decreased,  the  2  ,'G"  launch  limit 
was  exceeded.  Once  the  attacker  gave  up  on  the  missile  attack,  a 
follow-up  gun  attack  was  initiated. 

(b)  Maneuvering  against  a  gun  attack:  In  maneuvering 
against  a  gun  attack,  the  defender  had  two  basic  options: 

_1  Turn.in  an  attempt  to  cause  an  overshoot  and  sub¬ 
sequently  gain  an  offensive  position. 

2  Out  run  the  attacker  and  move  outside  gun/missile 

range. 

When  the  turn  option  was  selected,  the  F-100  played  the  turn  with 
respect  to  the  attacker's  relative  position.  Max  performance  turning 
was  approached  only  when  the  attacker  closed  to  gun  range.  A  mistake 
frequently  made  was  to  go  to  max  performance  maneuvering  too  soon,  con¬ 
sequently  losing  airspeed  and  future  maneuvering  capabili  ty?  placing  the 
defender  in  a  more  vulnerable  position.  If  max  performance  is  achieved 
at  the  proper  time  (attacker  inside  gun  range),  and  the  attacker  presses 
the  attack  in  the  plane  of  the  defender's  turn,  a  very  rapid  overshoot 
will  occur  and  the  attacker  will  slide  out  iront.  The  reason  this 
occurs  is  that  at  High  loads  the  F-100  loses  airspeed  so  much  faster 
than  the  F-36H  type  aircraft.  In  a  hard  turn,  the  F-100  airspeed  can 
go  from  300K  to  140K  in  90-120°  of  turn.  Naturally  the  F-86  loses  air¬ 
speed,  also,  but  not  nearly  as  rapidly. 
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If  the  F-86  employed  the  high  speed  yo-yo  he  effectively  countered 
the  F-100 's  turn  and  maintained  an  offensive  position.  The  F-86  pilot^ 
recognizing  an  imminent  overshoot,  learned  to  discontinue  the  pass  and 
pull  up  into  the  vertical  plane-  The  F-86  attack  normally  had  to  be 
discontinued  at  extreme  gun  ranges  (approximately  3500').  The  exact 
range  depended  on  angle-off  and  race  of  closure.  If  the  F-100  employed 
the  hard  turn  properly,  and  forced  the  F-86  into  a  high  speed  yo-yo, 
the  gun  attack  was  only  temporarily  nullified.  The  F-86,  following  the 
yo-yo,  W3S  at  six  high,  approximately  co-speed.  The  turn  required  to 
force  the  yo-yo  cost  the  F-100  most  of  his  maneuvering  airspeed.  The 
F-36  was  able  to  slide  back  down,  or  perform,  a  roll-off  back  down  to 
gun  position.  The  F-100's  subsequent  de e  turn  was  completely 
ineffective  because  of  ics  resulting  1:>.  ..i  'need.  If  the  F-100  took 
the  fight  down  into  the  vertical  plane,  with  the  attacker  at  close 
range,  an  overshoot  was  more  likely,  since  the  attacker  was  less  likely 
to  e-ploy  the  yo-yo  ty>:  e  maneuver  effectively.  If  an  overshoot  occurred, 
and  the  attacker  had  very  little  nose/tail  separation,  a  vertical  toll¬ 
ing  scissors  forced  the  F-86  into  a  12  o'clock  position.  Reason:  The 
F-100  was  capable  of  achieving  a  very  high  angle-of-attack  and  lost 
energy  (airspeed)  faster  than  the  F-86.  If,  on  the  over shone,  the  F-86 
had  good  nose/tail  separation,  it  did  not  have  to  raanuuv'v  into  a  ver¬ 
tical  rolling  scissors.  In  those  cases  where  the  fight,  was  going  down 
and  both  aircraft  had  approximately  180K,  the  F-86  was  able  to  roll  wings 
level  and  zoom  up  into  the  vertical  plane.  If  the  F-100  attempted  this, 
he  was  not  able  to  match  the  attacker's  rotatLon  angle  in  the  vertical 
plane.  Therefore,  the  F-86  usually  reached  in  the  F-100's  six  o’clock 
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high  position,  with  the  F- 100  completely  out  of  maneuvering  airspeed. 
From  this  advantageous  position,  the  F-86  was  able  to  roll  off  into  a 
gun  position  and  achieve  a  gun  kill.  From  this  experience  with  the 
F-10G!s  comparative  turning  capability,  the  obvious  conclusion  was: 

Don't  try  to  turn  with  an  F-86  type  aircraft. 

A  second  defensive  option  was  also  attempted,  other  than  attempt¬ 
ing  to  nullify  missile/gun  attack  by  turning.  The  second  option  was 
to  use  the  F-100  speed  advantage  to  move  outside  missile/gun  range. 
Ideally  all  attacks  would  be  detected  outside  missile/gun  range,  but 
for  the  purpose  cf  this  evaluation  some  attacks  were  allowed  to  reach 
closer  ranges  prior  to  defensive  maneuvering.  This  was  considered 
likely  to  occur  at  the  lower  speeds  associated  with  ground  attack  mis¬ 
sions,  than  at  the  higher  speeds  associated  with  combat:  air  patrol. 

It  was  determined  that  if  the  F-100  pilot  detected  the  attack  outside 
missile/gun  range,  he  should  drop  the  nose  and  use  AB  as  necessary  to 
prevent  the  attacker  from  closing.  The  following  courses  of  action  were 
developed  as  a  result  of  the  evaluation:  If  the  attacker  is  detected 
i..side  the  missile  envelope,  the  diving,  max  power  separation  is  not 
feasible.  If  a  three  "G"  defensive  turn  is  initiated,  the  missile 
attack  will  be  defeated,  however,  this  will  enable  an  F-86  type  aircraft 
to  cut  off  on  the  inside  of  turn  and  close.  As  his  range  is  reduced, 
the  F-100  must  tighten  the  turn  and  eventually  experience  airspeed  decay. 
To  maneuver  against  a  missile  attack,  a  turn  into  the  attack  is  neces¬ 
sary,  however,  the  turn  should  be  just  hard  enough  to  place  the  attacker 
outside  the  launch  envelope.  With  only  a  .3  to  .4  mach  advantage,  the 
F-100  will  take  an  appreciable  3mcjnt  of  time  to  move  outside  missile 
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range,  and  any  unnecessary  turning  will  be  to  the  attacker *s  advantage. 

If  the  attacker  is  equipped  with  gun  only,  an  escape  should  still  be 
attempted,  initiated  prior  to  the  attacker  reaching  gun  range.  If  the 
attacker  is  detected  after  reaching  a  gunfire  position,  a  hard  turn 
or  break  is  advisable  to  spoil  his  tracking  solution.  This  turn  should 
be  of  short  duration  to  prevent  loss  of  airspeed.  If  the  attacker  over¬ 
shoots,  a  reversal  should  be  made,  followed  by  a  straightaway,  max  power, 
descending  separation  maneuver.  If  the  attacker  does  not  overshoot, 
a  reversal,  immediately  followed  by  zero  "G",  frequently  throws  tha 
attacker  out  of  phase.  If  successful  in  placing  the  attacker  cut  of 
phase,  the  F-100  has  a  few  seconds  of  safe  time  in  which  to  unload  the 
wings  (0  to  !G)  and  begin  the  separation  maneuver.  The  defender  should 
employ  sporadic  rolling  or  "S'*  type  maneuvering  to  spoil  a  tracking 
solution  until  well  outside  gun  range. 

(2)  F-100  Attacker,  F-86H  Defender: 

(a)  Maneuvering  for  a  missile  attack:  When  the  attack 
was  detected  prior  to  launch  the  F-86  invariably  nullified  the  attack 
with  a  defensive  turn.  In  most  cases  the  only  chance  for  a  successful 
launch  appeared  to  be  an  undetected  approach.  A  barrel-roll  attack 
was  effective  in  reducing  angle-off,  but  if  the  defender  maneuvered 
properly  it  was  still  impossible  to  reach  the  launch  envelope,  and 

a  follow-up  gun  attack  had  to  be  initiated. 

(b)  Maneuvering  for  a  gun  attack:  If  the  F-86  made  a 
hard  turn  while  the  attacker  was  well  outside  gun  range,  a  large  angle- 
off  resulted  as  the  attacker  approached  gun  range.  Under  these  circum¬ 
stances  an  overshoot  was  usually  unavoidable.  The  resulting  scissors 

14 

CONFIDENTIAL 


cufiTOim 

maneuver  then  forced  the  F-100  out  front.  If  the  F-100  countered  the 
overshoot  with  a  high  speed  yo-yo,  the  F-S6  effectively  countered  by 
pulling  up  into  vertical  plane,  followed  by  a  roll-off  into  the  F-100's 
six  o'clock  position. 

If  the  F-100  was  allowed  to  reach  gun  range  at  a  .ow  angle-off  an 
overshoot  could  be  avoided,  but  at  the  expense  of  maneuvering  airspeed. 

The  F-86,  out  front,  with  an  airspeed  advantage,  was  able  to  pull  up 
high  into  the  vertical  plane  and  roll  in  behind  the  F-100.  The  F-100, 
out  of  maneuvering  airspeed,  was  an  easy  "kill". 

To  preclude  the  above  situations  from  developing,  the  F-100  should 
employ  "hit-and-run"  tactics.  A  high  roach  number  should  be  maintained 
at  all  times  in  a  maneuvering  fight.  The  exact  minimum  roach  will  vary 
with  the  attack  conditions  (defender's  roach,  altitude,  etc.).  A  general 
rule  of  thumb  is:  Never  slow  down  below  best.  AB  climb  speed  (  92  true  mach) . 
If  the  defender  counters  properly,  the  attack  will  have  to  be  discontinued 
at  extreme  gun  range,  or  airspeed  will  be  sacrificed.  To  break  off  the 
attack,  reverse  down  and  away  frcm  the  defender  and  maneuver  for  separa¬ 
tion. 

(c)  Two  F-lOOs  vs  two  F-86s  (Element  Tactics):  Resources 
allowed  only  one  partially  effective  mission  to  be  flown  and  a  meaning¬ 
ful  evaluation  could  not  be  made.  See  Annex  B,  Card  #67. 

c.  F-1C4C  vs  F-86H:  The  following  results  were  identified: 

(i)  ACT-1 :  Thirteen  .86  to  .96  mach  stern  quarter  gun  attacks 
were  completed  by  F-86H  aircraft  against  F-104C  aircraft.  Of  these 

attacks,  seven  were  accomplished  with  the  J  •  .04  positioned  at  39,000' 

at  .85  -  .9  roach,  and  six  with  the  F-104  at  325-350  K1AS  at  20,000- 
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21,000*.  Eight  of  these  attacks  resulted  in  F-86H  gun  kill  assessment. 

i _ 

F-104  hard  turns  and  breaks  were  unsuccessful  and  the  maneuvers  were 
followed  by  the  F-86H.  The  F-104  positive  G  accelerating  diving  spiral 
was  successful  in  effecting  five  escapes;  however,  if  the  F-104  pulled 
up  following  diving  escape,  the  F-86  could  close  the  distance  for  a  gun 
tracking  position.  In  no  case  did  the  F-104  force  an  overshoot  and 
regain  the  offensive. 

(2)  ACT- 2:  During  12  passes  by  F-104  aircraft  agai  ist  F-86H 
defenders,  gun  kills  were  assessed  for  the  F-104  on  six.  In  all  cases 
the  F-86H  could  force  an  F-104  overshoot,  once  it  started  a  hard  turn 
or  break;  however,  on  more  than  half  of  the  passes  the  defending  F-86 
pilot  had  difficulty  detecting  the  F-104  attack  although  he  knew  when 
and  from  where  it  was  coming.  Even  when  the  attack  was  detected, 
defenders  over  estimated  F-104  range  due  to  its  small  size  and  delayed 
breaking  until  too  late. 

(3)  ACT- 3:  During  16  F-86H  .9  -  .95  mach  missile/gun  stern 
quarter  attacks,  F-86  gun  kills  were  assessed  on  10  attacks.  Again, 
F-104  level  turns,  breaks  the  hard  pull  ups  were  not  effective.  The 
diving  spiral  escape  maneuver,  if  executed  with  a  rapid  roll  entry, 
was  effective  In  enabling  F-104  escape.  Only  three  opportunities 
occurred  for  possible  AIM-9/B  launch  by  F-56  aircraft  following  F-104 
defensive  maneuver  initiation. 

(4)  ACT- 4:  During  11  F-104C  -9  to  1.2  mach  stern  quarter 
missile/gun  attacks,  no  gun  kills  were  achieved  due  to  F-66  forcing 
overshoot  in  all  cases  prior  to  gun  range.  (Hal functioning  F-104 
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stick  kicker  onset  at  2G  degraded  F-104  capability  on  four  passes.) 

In  one  a  F-104  gained  a  missile  launch  position  using  a  barrel  roll 
attack. 

(5)  ACT- 5 :  During  three  element  attacks  by  F-86H  aircraft 
against  a  defending  F-104  element,  none  of  the  attacks  resulted  in  a 
sandwich  by  the  defenders.  The  conclusion  reached  was  that  diving 
spiral  separation  was  the  better  course  of  action  for  F-1C4  aircraft 
rather  than  attempt  defensive  split  mutual  support. 

(6)  ACT- 6 :  During  each  of  two  element  attacks  by  F-104  air¬ 
craft,  gun  kills  were  achieved  cn  one  F-86  defender  due  to  loss-  of 
visual  contact  by  the  defenders  with  at  least  one  of  the  attacking 
F-104s.  Offensive  fluid  separation  was  effectively  employed  by  the 
F-104s. 

(7)  F-IO^C  Summary:  As  with  the  F-105,  If  a  rear  hemisphere 
raissile/gun  attack  by  HIG  15/17  type  aircraft  is  observed  by  defending 
F-104  aircraft,  max  acceleration  0-1G  diving  separation  is  recommended. 
If  the  attack  is  observed  too  close  for  this  type  of  separation,  a 
diving  accelerating  spiral  employing  rapid  roll  rates  is  effective. 

The  F-104  has  an  excellent  charge,  to  subsequently  i  e-engage  undetected 

visually  by  the  enemy.  If  the  attacking  threat  is  carrying  missiles, 
the  accelerating  dive,  if  delayed  until  missile  launch  range,  must 
rapidly  generate  angle-off  prior  to  attempting  escape. 

(a)  The  F-104  has  little  success  in  forcing  overshoots 
through  the  use  of  breaks,  hard  turns,  high  G  rolls,  or  scissors 
maneuvers. 
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(b)  In  attacking  with  the  F-104,  an  outstanding  advantage 
is  its  small  frontal  silhouette.  The  F-104  attack  should  be  pressed 

at  supersonic  speed,  1.1  -  1.3  mach,  to  insure  closure  before  the 
defender's  turn  forces  an  overshoot. 

(c)  Both  in  attacking  and  defending  with  the  F-104,  once 
supersonic  separation  has  been  effected,  initiation  of  climb  must  be 
delayed  at  least  1-2  miles  to  prevent  MIG  15/17  "ype  aircraft  from 
cutting  off  in  the  vertical  plane. 

d.  F-105  vs  F-86H:  During  the  evaluation  the  following  results 
were  identi  fied  when  the  missions  were  analyzed.  It  must  be  emphasized 
that  instead  of  merely  attempting  missile  or  gun  kill,  or  attempting 
escape,  the  participants  were,  deliberately  testing  the  effectiveness 
of  prebriefed  maneuvers. 

(1)  ACT- 1 :  Ten  .92  -  .97  mach  stern  quarter  gun  attacks  were 
completed  by  F-86H  aircraft  against  F-105D  aircraft.  Of  these,  seven 
were  accomplished  with  the  F-105  positioned  at  33,000-35,000'  at  .9 
mach  simulating  typical  combat  air  patrol  cruise  conditions.  Three 
were  accomplished  with  the  F-105  at  20,000-25,000’  at  330  KCAS,  simu¬ 
lating  typical  medium  altitude  bomb  mission  cruise  conditions  during 
approach  to  the  target.  Five  of  these  attacks  resulted  in  F-86R  gun 
kill  assessment  with  F-195s  attempting  hard  turns,  breaks.  High  G  rolls 
under  and  High  G  rolls  ever.  Three  successful  escapes  by  F-105  resulted 
from  separation  maneuvers  (one  accelerating,  descending  hard  turn*  one 
break,  followed  by  an  immediate  "Split  S"  AB  escapj;  and  one  roll  under, 
and  accelerating  dive'.  In  no  case  did  the  F-105  force  sufficient  over¬ 
shoot  to  gain  the  offensive. 
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(2)  ACT- 2:  Ten  stern  quarter  or  6  o'clock  attacks  were  com¬ 
pleted  by  P-105D/FS  against  F-86H  aircraft.  Of  these,  six  were  accom¬ 
plished  with  the  F-86  positioned  at  35,000'  and  .85  mach  and  four  were 
flown  agairct  the  F-86  positioned  at  20,000*  at  speeds  of  330  KCAS  or 
.85  mach.  F-105  attack  speeds  varied  from  .98  to  1.25  mach.  During 
these  attacks,  the  F-105  achieved  one  gun  kill,  with  one  probable  and 
one  possible.  The  F-86H  was  able  to  effect  escape  in  nine  cases  and 
was  able  on  three  of  these  cases  to  score  a  kill  on  the  departing  F-105. 
Generally,  the  F-86  used  a  hard  turn,  followed  by  a  break  when  the  F-105 
closed  to  gun  range,  and  forced  an  overshoot.  If  the  F-105  yo-yoed  high, 
the  F-86  was  able  to  reverse  and  accomplish  a  roll  off  with  a  higher 
apex  into  the  F-105 's  6  o'clock  position. 

(3)  ACT- 3 :  Four  stern  attacks  were  completed  at  .9  -  .95  mach 
by  F-86H  aircraft  against  F-105D  aircraft  positioned  for  two  attacks  at 
35,000',  .85  -  .3  mach  and  for  two  attacks  at  20,000-22,000',  330  KCAS. 
During  these  attacks,  F-105D  defensive  maneuvering  was  initiated  at 
typical  terminal  A1H-9/B  launch  conditions  (i.e,,  5000-7000'  range, 

0-15°  angle-off,  less  than  2G  on  launch  aircraft).  The  attacking  F-86 
attempted  to  obtain  a  subsequent  AIM-9/B  missile  launch  position  (less 
than  53°  angle-off,  less  than  2G,  5000'  range)  and  a  follow-up  gun  kill 
position.  In  one  case  a  subsequent  missile  launch  position  was  obtained 
during  the  F-105  diving  afterburner  (AB)  escape,  and  in  three  cases 

gun  kills  w»re  obtained  dhring  F-105  evasive  maneuvers  (hard  turn  and 
diving  spiral  entries) .  During  two  head  on  engagements,  with  the  F-86H 
possessing  an  airspeed  advantage,  high  and  low  speed  yc -yo  maneuvering 
in  AB  was  attempted  by  the  F-105D.  In  the  first  case  the  F-86  scored  a 
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gun  kill,  in  the  second  case  the  F-105  executed  a  separation  maneuver 
after  the  F-86  reached  a  high  side  position.  In  the  one  case  where  the 
F-105D  escaped  from  an  F-86  stern  quarter  attack,  the  maneuvers  were  a 
descending  hard  turn  (to  deny  subsequent  missile  launch  positions), 
followed  by  a  break  when  the  F-86  closed  to  gun  range,  and  an  immediate 
entry  into  an  AB  accelerating  vertical  diving  spiral  with  low  altitude 
recovery  at  .98  rnach.  In  one  case  after  initiating  the  diving  spiral 
escape  maneuver,  the  F-105  pulled  up  hard  into  the  F-86  sad  forced  an 
overshoot,  but  as  the  F-105  attempted  to  reverse  into  the  vertical  roll¬ 
ing  scissors  to  gain  the  offensive,  it  snap  rolled  twice  at  25Q-3Q0  KCAS. 
Recovery  was  immediate  when  controls  were  released. 

(4)  ACT- 4:  Three  stern  quarter  attacks  were  completed  by  F-105 
aircraft  at  .98  to  1.3  math.  Two  cf  these  resulted  in  gun  kill  es, seg¬ 
ment  aga.’est  the  defending  F-86H.  Three  head  on  attacks  were  completed 
by  F-105s  having  initial  speed  and/or  altitude  advantage.  In  no  case 
was  a  kill  position  achieved  before  the  attack  terminated. 

(5)  ACT- 5  and  6:  One  mission  combining  both  ACT-5  (F-105 
defenders)  and  ACT-6  (?-105  at.tackers)  was  flown  using  an  element  of 
F-105s  versus  an  element  of  F-86s.  With  the  F-105s  defending  and  attempt¬ 
ing  a  defensive  split,  the  low  defender  was  "killed"  before  the  high 
defender  could  effect  a  sandwich.  When  the  attackers  observed  the  high 
defender  sliding  toward  6  o'clock,  they  performed  a  break  upward  into 

the  high  defender,  forcing  the  high  defender  to  roll  under  and  separate. 
With  the  F-I05f.  attacking,  a  low  defender  kill  was  accompli  shed  before 
the  high  defender  could  effect  a  sandwich,  however,  the  trailing  attacker 
was  "killed"  by  the  high  defender  before  the  attackers  could  separate. 
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(6)  P-105  Summary:  With  the  F-105  in  the  defending  role,  if 

an  attack  is  observed  in  the  rear  hemisphere,  separation  is  the  best 
course  of  action  against  F-86H  type  aircraft  possessing  good  subsonic 
sustained  turning  capability.  If  the  attack  is  observed  within  AIM-9/B 
type  missile  range,  perform  an  immediate  hard  descending  turn  to  acquire 
a  minimum  of  30  to  40°  angle-off,  maintaining  or  acquiring  .9  -  .95 
mach  through  use  of  afterburner,  then  unload  G  and  separate  at  super¬ 
sonic  speed.  If  the  attack  is  detected  approaching  gun  range  execute 
a  max  performance  break  followed  by  an  immediate  roll,  in  the  direction 
of  turn  to  the  inverted  position  and  execute  an  AB  diving  spiral  escape 
maneuver.  The  effort  here  is  to  defeat  tracking  by  combining  moderate 
G  with  roll.  As  .95  mach  is  acquired,  relax  G  and  level  off  for  separa¬ 
tion.  Regardless  of  the  speed  acquired,  the  F-105  pilot  must  not  initiate 
a  climb  snortly  after  disengagement,  or  F-86H  type  aircraft  will  cut  off 
and  regain  a  firing  position.  The  above  measures  assume  an  aggressively 
pressed  attack  by  qualified  enemy  pilots. 

(a)  In  attempting  separation  in  F-105  aircraft  as  with  the 
F-100,  if  the  attack  is  detecte#*-at  longer  ranges  (7000'+)  the  best 
method  is  a  0-to-lG  push  over  into  a  dive  with  afterburner  power,  as  is 
the  case  fo:  the  F-104  and  F-4C;  however,  the  acceleration  is  much 
slower  than  these  latter  aircraft  (see  Annex  D) ,  hence,  the  diving  spiral 
escape  may  be  needed  to  buy  time  to  effect  successful  separation. 

(b)  With  the  F-105D  in  an  attack  role,  attempt  an  after¬ 
burner  stern  attack  at  1.2  to  1.3  mach.  If  the  attack  is  detected  and 
is  countered  by  a  hard  turn,  attempt  tracking  down  to  .95  mach  and 
execute  any  yo-yos  well  astern  of  the  defenders.  Break  off  the  attack 
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at  .95  math  with  a  half  roll  opposite  the  direction  of  the  defender's 
tarn  and  accomplish  separation.  If  the  attack  is  pressed  below  .9  mech. 
a  defender  high  G  roll  can  compromise  F-105  separation. 

(c)  The  above  analysis  places  the  F-105  in  a  poor  posi¬ 
tion  in  terms  of  Air  Combat  Tactics  maneuvering  capability  and  confirms 
the  results  of  TAC  Test  63-4  Phase  II.  This  is  considered  true  in  view 
of  the  high  energy  loss  (speed  and  altitude)  during  maneuvering  at 
medium  and  high  altitude,  predicted  by  Energy  Maneuverability  Theory. 

The  F-105  is  in  severe  trouble  if  forced  to  defend  in  the  250-200  KCAS 
region,  therefore,  every  effort  should  Le  made  to  avoid  this  region  and 
to  separate  and  re-engage  at  .95  or  higher  mach. 
e.  F-4C  vs  F-86H: 

(1)  F-4C  defender  -  F-86H  attacker: 

(a)  Maneuvering  against  a  missile  attack:  The  F-86  was 
allowed  to  enter  missile  range  from  the  stern  quarter  prior  to  any  defen¬ 
sive  maneuver  on  the  part  of  the  F-4C.  When  missile  range  was  attained, 
the  F-4C  countered  by  executing  a  3  "G"  turn  which  in  effect  negated  all 
missile  attacks.  Level  turns,  diving  turns  ar.d  sllgnt  climbing  turns 
all  proved  successful.  High  rfG"  breaks  and  other  high  ‘'G"  maneuvers 
were  also  successful  against  a  missile  attack,  but  left  the  F-4C  extremely 
vulnerable  against  a  follow-on  gun  attack.  The  most  successful  procedure 
to  utilize  to  defeat  a  missile  attack  with  a  follow-up  gun  attack  was  to 
execute  a  3  "G"  diving  turn  into  the  attacker,  apply  max  power  and  exe¬ 
cute  a  diving  spiral.  This  maneuver  achieved  argle-off  from  the  missile 
as  well  as  adequate  lateral  separation  to  preclude  the  gun  attack. 
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(b)  Maneuvering  against  a  gun  attack:  All  gun  attacks 
were  initiated  at  3,000-^,000'  range  from  the  stern  quarter  with 
approximately  a  .10  macb  advantage  on  the  part  of  the  attacker.  To 
defeat  a  gun  attack  presented  a  slightly  different  problem  than 
encountered  with  missiles.  Maneuvers  such  as  hard  turns,  breaks, 
split  S,  and  other  attempts  to  cause  the  attacker  to  overshoot  were 
generally  unsuccessful  against  the  F-86H.  At  the  speeds  and  altitudes 
flown  during  this  evaluation,  it  was  obvious  that  the  F-86H  had  a 
decided  maneuvering  advantage.  Two  basic  principles  evolved  as  out¬ 
growths  of  ACT-1  and  -2. 

1_  It.  is  pointless  to  attempt  to  out-turn  a  MIG 
15/L7  type  aircraft  with  the  F~4C. 

2  When  attacked,  the  F~AC  should  immediately  strive 
for  separation  and  re-enter  the  fight  on  its  own  terms. 

If  an  attacker  is  first  observed  within  gun  range 
and  has  a  .10  mach  advantage,  it  was  concluded  that  regardless  of  the 
defensive  maneuver,  the  attacker  will  continue  to  clcse.  Any  defensive 
maneuvers  where  high  "G"  loads  were  attempted  decreased  range  consid¬ 
erably  aid  Increased  the  kill  potential  of  the  attacker,  as  his  maneu¬ 
vering  capability  exceeded  that  of  the  F-4  to  a  great  degree. 

It  was  determined  that  the  basis.  aim  of  the  F-4 
was  to  immediately  strive  for  separation  from  an  attacker  by  the  use 
of  the  excess  power  available.  This  proved  successful  against  a  highly 
maneuverable  but  mach-limi ted  type  aircraft  such  as  the  F-86H. 
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The  most  consistently  successful  escape  was 
achieved  by  unloading  to  0  t-o  1/4  G  and  simultaneously  advancing  to 
max  power.  This  resulted  in  a  rapid  acceleration  to  co-airspeed  dur¬ 
ing  which  time  the  attacker  closed  an  additional  1000-1200'.  F-4C 
acceleration  then  permitted  rapid  separation  to  well  outside  of  effec¬ 
tive  gun  range.  While  the  attacker  is  in  gun  range,  it  is  imperative 
that  the  defender  make  the  attacker’s  tracking  problem  as  difficult 
as  possible.  This  can  be  accomplished  by  ’’jinking"  (sporadic  rolling 
and  yawing  at  low  G)  until  out  of  gun  range.  It  was  determined  after 
discussions  with  the  F-86  pilots  that  it  was  much  more  difficult  to 
track  the  F-4C  when  viewed  from  astern  than  when  observed  from  a  position 
which  affords  a  plan  view  of  the  aircraft  in  a  hard  turn. 

10.  MAINTENANCE  RESULTS:  During  the  evaluation  participating  aircraft 
flew  a  total  of  124  sorties  broken  down  as  follows: 


Number  of  A/C 

Type  A/C 

Dates 

Sorties 

5 

F-86H 

26  Apr  -  7  May 

65 

63 

3 

F-100 

26  Apr  -  30  Apr 

65 

14 

5 

F- 105D/F 

26  Apr  ••  30  Apr 

65 

13 

3 

F-104C 

3  May  -  7  May 

65 

18 

3 

F-4C 

3  May  -  7  May 

65 

16 

In_ccmmissi  on 

records  of  the  F-104, 

F-4C  and  particularly  t 

he  F-86H 

aircraft  were 

especially  noteworthy 

.  Only  two  real  tunc  tior s 

contributed 

to  loss  of  sortie  effectiveness 

a.  F-36H  -  One  engine  shroud  binding  during  shutdown  following 

necessitating  engine  change. 
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TAC  Mission  FF-857  ACT  Eval’ lation  -  Summary 


Card  # 

Mission 

Bate 

Attacker 

A/C  # 

Type 

Defender 

A/C  # 

Ixpa 

T.O. 

Time 

Fly 

Time 

60 

ACT-1 

28  Apr 

A 

113 

86 

J 

099 

100 

1300 

0:45 

61 

ACT-1 

2?  Apr 

F 

294 

86 

J 

099 

100 

0930 

0:45 

62 

ACT-1 

29  Apr 

A 

113 

86 

K 

130 

100 

0930 

0:45 

63 

ACT -2 

29  Apr 

J 

099 

100 

E 

738 

86 

1300 

0:45 

64 

ACT -2 

29  Apr 

K 

130 

100 

F 

294 

86 

1300 

0:40 

65 

ACT-3 

30  Apr 

F 

294 

86 

I 

099 

100 

0925 

0:45 

66 

ACT -4 

30  Apr 

K 

110 

100 

G 

255 

86 

0940 

0:45 

67 

ACT-5,6 

30  Apr 

F  -  G 

294-255 

86 

1  -  K  110-099 

100 

1400 

0:45 

NOTE:  L 

etters 

refer  to 

"attacker" 

or  "de 

fender"  pilot 

who  flew 

the  mis? ion.  Sc-e  Annex  0. 
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TAC  Mission  FF-857  -  ACT  Evaluation  -  Summary 


Card  t 

Mission 

Date 

Attacker 

A/Ll 

Type 

Defender 

A/C  # 

ties. 

T.O. 

Time 

Fly 

Time 

20 

ACT-1 

3  May 

B 

125? 

85 

a 

891 

104 

0910 

0:50 

21 

ACT-1 

3  May 

D 

1294 

86 

s 

892 

104 

0910 

0:50 

22 

ACT-1 

3  May 

C 

5738 

86 

a 

891 

104 

1200 

0:50 

23 

ACT-2 

3  May 

T 

892 

104 

B 

1255 

86 

1200 

0:50 

24 

ACT-2 

4  May 

EL 

883 

104 

H 

1231 

86 

1240 

0:40 

25 

a  /vn  1 

AOl  “4. 

4  May 

T 

891 

104 

A 

2113 

86 

1240 

0:50 

26 

ACT -3 

4  May 

A 

2113 

86 

T 

891 

1  A  t 

1640 

0:50 

27 

ACT -3 

4  May 

C 

7*8 

86 

s 

883 

104 

1640 

0:50 

28 

ACT-3 

5  May 

A 

113 

86 

s 

892 

104 

1045 

0:45 

29 

ACT -4 

5  May 

T 

883 

104 

c 

738 

86 

1045 

0:45 

30 

ACT -4 

5  :i»'- 

a 

892 

104 

A 

113 

86 

1340 

0:40 

31 

l  CT-4 

5  May 

s 

883 

104 

C 

738 

86 

1345 

0:45 

32 

ACT-3 

6  Hay 

5 

86 

It 

891 

104 

1000 

0:30 

33 

ACT-1 

6  May 

D 

231 

86 

T 

892 

104 

0930 

0:40 

34 

ACT -5 

6  May 

3 

-  D 

255-231 

86 

R 

-  S 

891-892 

104 

1320 

0:50 

35 

ACr-6 

7  May 

T 

-  S 

883-891 

1Q4 

C 

-  D 

738-113 

86 

1000 

0:45 

A- 2 
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F-86K  versus  F-4C 


TAC  MISSION  FF-857  ACT  Evaluation  -  Summary 


Card  # 

Mission 

Date 

Attacker 

A/C  # 

12E£ 

Defender 

A/C  # 

122* 

T.O. 

Time 

Fly 

Time 

1 

ACT-1 

3  May 

A 

113 

86 

V 

A  35 

4 

0830 

0:50 

2 

ACT-1 

3  May 

H 

231 

86 

W 

512 

4 

0830 

0:45 

3 

ACT-1 

3  May 

A 

113 

86 

z 

625 

4 

1120 

0:50 

4 

ACT-2 

3  May 

V 

435 

4 

H 

231 

86 

1120 

0:50 

5 

ACT -2 

4  May 

Y  -  V 

512 

4 

D 

294 

86 

1200 

0:50 

6 

ACT -2 

4  May 

W 

435 

4 

B 

255 

86 

1200 

0:50 

7 

ACT-3 

4  Kay 

B 

255 

86 

X 

625 

4 

1600 

0:50 

8 

ACT-3 

4  May 

D 

231 

86 

Y  -  V 

512 

4 

1600 

0:50 

9 

ACT -3 

4  May 

B 

255 

86 

W 

625 

4 

1005 

0:50 

10 

ACT -4 

5  May 

V 

435 

4 

H 

231 

86 

1005 

0:50 

11 

ACT -4 

5  May 

V 

225 

4 

B 

512 

86 

1305 

0:50 

12 

ACT -4 

5  May 

W 

625 

4 

D 

231 

36 

1310 

0:50 

13 

ACT-3 

6  May 

c 

238 

86 

W 

512 

4 

1005 

0:50 

14 

ACT-1 

6  May 

A 

113 

86 

Z 

435 

4 

1010 

0:45 

15* 

ACT-5 

7  May 

B  -  AA 

255-231 

86 

V  -  X 

512-435 

4 

16* 

ACT -6 

7  May 

V  -  X 

512-435 

4 

B  -  AA 

255-231 

86 

0920 

0:50 

*  NOTE:  #15  and  #16  flown  on  same  mission. 
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PILOT  FLYING  EXPERIENCE 


PILOT 


A 

B 

C 

0 

E 

P 

G 

H 

AA 


AIRCRAFT 

TOTAL  TIME 

TOTAL  JET 

TOTAL  UE  AIRCRAFT 

F-86H 

4870 

2179 

1329 

F-86H 

4786 

1729 

1121 

F-86H 

2493 

1386 

1059 

F-86H 

2687 

1287 

987 

F-86H 

3211 

1829 

1061 

F-86H 

3958 

2948 

1014 

F-86H 

2624 

2184 

996 

F-86H 

1083 

837 

684 

F-86H 

Unknown 

Unknown 

Unknown 

F-100 

2674 

2334 

1936 

F-100 

2786 

2505 

1313 

,  F-100 

2088 

1838 

1695 

F-105 

5097 

4142 

320 

F-105 

3083 

2779 

271 

F-105 

2353 

2059 

272 

F-105 

2708 

2450 

500 

F-105 

3010 

2600 

570 

F-105 

2054 

1800 

652 

F-104 

2000 

1750 

750 

F-104 

1600 

1500 

1100 

F-104 

1500 

1400 

625 

F-104 

Unknown 

Unknown 

Unknown 

F-4C 

6300 

4000 

530 

F-4C 

4600 

4100 

250 

F-4C 

3600 

3000 

170 

F-4C 

4500 

3500 

600 

F-4C 

3100 

3000 

550 
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F-105  ACCELERATION  COMPUTATION 
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P-105  ACCELERATION  COMPUTATION 


Using  energy  maneuverability  terms  and  Ps  values  obtained  from 
current  Ps-V  diagrams  (APGC-TDR-64-35  &  38)  the  acceleration  times 
can  be  approximated  In  the  following  manner.  The  F-105D  is  shown  in 
the  sample  computation. 

Terms  are  as  follows: 


Ps  *  Energy  rate  a  specific  excess  power  in  ft/see. 

Es  91  Specific  energy  in  feet. 

a  *  Altitude  in  feet.  *  rate  of  climb  (ft  per  sec) 

V  ■  Velocity  in  feet  per  second. 

~  *  a  ■  Acceleration  in  feet  per  second  per  second. 


g  »  Gravitational  constart. 


From  energy  maneuverability  theory: 
V2 
% 


Es 


+  H 


differentiating  with  respect  to  time  (T) 


-  X  (iX)  +  ■  ps 

dt  g  'dt'  dt 
dt  V  v  dt  ' 


assuming  an  average  accelerations 
V  ■  Vo  +  at  or  t  ■  X— X?.. 

m 

For  the  first  case,  assume  a  .95  nwch  (10l0*/sec)  attacker  detected  by 
an  F-105  at  15,000'  and  330  EGAS  (.665  mach  or  706 '/sec).  Assuming  the 
attacker  has  no  further  mach  capability,  the  F-105  will  begin  to  separate 
when  its  Srelocity  has  reached  .95  mach;  We'll  assume  that  the  7**  105  uses 
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a  level  A.B.  acceleration  in  level  flight.  Fs  values  for  the  F-105 

(cleaiy  5000#  fuel  remaining)  in  this  area  average  300  ft/sec.  The 

average  velocity  during  this  acceleration  is  .8  mach.  At  13,000s  this 

is  505  KTAS  or  854s /see. 

then:  a  -  (300-0)  »  11.3*/sec2 

854 

the  time  to  accelerate  to  .95  is  then; 

V  -Vo  1010  -706 


11.3 


27  seconds 


If  the  attacker's  average  rate  of  closure  during  this  time  (t)  is  .15 
mach  (.95  -  .8)  or  156'  per  second,  the  attacker  covers  4210s  during 
this  27  seconds.  Closure  at  a  rate  of  .285  mach  (304 '/see)  should  also 
be  addled  for  at  least  3  seconds  to  allow  for  F-105  afterburner  light 
time,  allowing  the  attacker  to  cover  an  additional  912s.  Hence,  if 
the  attacker  is  to  be  maintained  at  a  minimum  distance  of  3000s,  a  level 
A.  B.  acceleration  must  be  begun  under  these  conditions  before  the 
attacker  has  closed  to  8100s.  A  %  G  diving  acceleration  can  be  analyzed 
in  the  seme  fashion.  Assume  an  average  descent  during  the  acceleration 
of  6000s  per  minute  (-100 ’/second) .  The  average  Ps  for  the  above  condl- 
tions  under  V  G  loading  is  approximately  320,  hence,* «  *  (320  +100)  ■ 

15.8 '/sec2 

and  t  -  -  19,2  seconds. 

15.8 

During  this  time,  the  attacker  would  close  2990s.  Adding  the  912'  of 
closure  during  3  second  A.  B.  light  time,  if  the  attacker  is  to  be  main¬ 
tained  at  a  minimum  distance  of  3000s  then  the  %  G  diving  acceleration 
must  be  begun  before  the  attacker  has  closed  to  7000s  range. 
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F-86H  TEAM  SUMMARY  OF  MISSION  FF-857 


WRITTEN  BY  LT/COL  JOSEPH  J.  MAISCH,  JR. 

1.  The  F-86H  can  successfully  defend  against  both  missile  (AIM-9)  and 
gun  attacks  by  the  F-100,  F-105,  F-1C4  and  F-4  as  long  as  he  is.  aware 
of  their  presence  before  they  reach  effective  firing  range.  After 
defending  against  this  gun  attack  from  within  3000  ft  range,  the  F-86H 
will  probably  get  a  gun  kill  on  the  P-100  or  F-105  (unless  the  P-105  has 
.95  mach  or  better).  The  F-104  and  F-4  can  escape  in  the  reversal  if 
their  speed  is  .9  or  higher,  otherwise,  the  F-86H  stands  a  chance  of 

a  quick  gun  kill  during  the  F-104  or  F-4  separation  maneuver.  The 
F-86H  has  a  better  chance  for  a  kill  if  coached,  on  when  to  reverse,  by 
a  properly  positioned  wingman  (4000  to  5000  abreast  or  slightly  aft). 

2.  Of  the  four  century  types,  only  the  F-100  has  any  chance  at  all  of 
escaping  the  F-86H  when  fighting  the  obsolescent  ACM  game;  and  this 
F-100  pilot  must  be  of  FWS  instructor  caliber. 

3.  The  F-100  and  F-105  have  not  been  successful  in  escaping  from  an 
F-86H  gun  attack  when  the  evasive  maneuvering  was  started  at  4500  faet 
or  less  range.  The  F-104  and  F-4  can  escape  this  attack  froa  as  close 
as  3000  ft  range,  but  only  if  they  start  the  separation  maneuver  Immedi¬ 
ately.  The  only  successful  separation  maneuver  is  the  one  whereby  they 
start  an  unloaded  (-4-1/4  to  0  G)  quarter  descending  roll,  attempting  to 
spoil  the  attacker's  tracking  problem  by  reversing  roll  direction  in 
the  descending  plane  and  using  minimum  positive  G  while  separating  at 
the  maximum  possible  rate.  The  F-86H  will  normally  decrease  the  range 
by  1000  -  1500  ft  while  the  £-104  or  F-4  is  performing  the  initial  part 
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of  the  separation  maneuver,  but  will  be  unable  to  track  if  the  defender 
performs  properly. 

4.  The  P-104  has  a  definite  advantage  in  that  he  is  very  difficult  to 
acquire  visually  due  to  small  profile,  and  once  acquired  difficult  to 
keep  in  sight.  Also,  when  the  104  rolls  into  a  bank  it  is  very  difficult 
to  determine  the  direction  in  which  he  is  turning  or  will  turn.  Thel04 
is  extremely  difficult  to  see  when  making  a  head-on  pass. 

5.  The  F-100  and  at  times  the  F-105  can  cause  the  F-86H  to  overshoot, 
from  a  stern  type  pass.  The  amount  of  overshoot  Is  of  course  determined 
by  the  closure  rate.  This  overshoot  however,  is  merely  a  delaying  action 
because  the  F-86  can  yo-yo  high,  watch  the  next  move  by  the  defender 

and  then  either  roll  over  the  top  or  slide  down  into  the  6  o'clock. 

The  F-4  and  F-104  cannot  normally  cause  the  F-86  to  overshoot. 

6.  The  F-86H  is  capable  of  pulling  up  into  a” whlfferdill"type  maneuver 
to  almost  zero  airspeed  without  snap  type  maneuvers  resulting,  and  will 
then  accelerate  very  well  in  the  downhill  run. 

7.  The  F-86H  has  one  very  definite  limitation  in  the  .91  to  .96  tange 
and  that  is  its  tendency  t>  roll  to  the  right.  This  makes  rolling  to 
the  left  very  difficult,  and  tracking  during  tH?  ~lng  roll  is  just  about 
Impossible. 


C(KZr<TiAL 

P-104  TEAM  EVALUATION  OP  P-104  VERSUS  P-86H 

1.  P-104  Defender,  F-86H  Attacker: 

a.  At  almost  any  range  and  any  reasonable  cruise  airspeed  for  that 
altitude,  the  F-104  can  escape  if  he  does  it  correctly  (regardless  of 
the  attacker's  range). 

b.  Never  puli  up  into  the  attack  or  try  to  break  or  hard  turn  level 
as  a  defensive  maneuver. 

c.  A  flaps  up,  full  afterburner,  diving  low  G  spiral  is  an  almost 
fool-proof  escape  maneuver.  It  is  extremely  difficult  to  track  and 
lateral  separation  is  rapidly  attained. 

d.  If  the  attacker  has  closed  into  1500  feat  and,  for  some  reason, 
has  "missed,”  he  can  be  forced  into  an  overshoot  if  he  bas  any  appreciable 
overtake  speed.  The  F-104  will  decelerate  faster  but  the  overshoot  is 
only  momentary  and  at  best  gives  an  opportunity  to  break  down  and  away 

as  the  attacker  rolls  over  the  top  for  repositioning.  (Not  e  useful 
maneuver  in  any  but  a  super  lest  ditch  attempt  to  get  away  from  an  attacker 
Who  has  run  out  of  ammo!) 

e.  Starting  a  mission  at  the  same  time,  tht  P-104  can  spar  with  an 
P-86H  attacker  in  the  trans-sonic  region  end  run  the  attacker  out  of 
fuel. 

f.  Xn  rolling  down  and  avsy  fof  rtpasrat  tc.A  from  an  F-86H,  it  la  bast 
to  go  to  tha  left  as  this  amplifies  the  attacker's  wing  roll  tendencies 
and  complicattft  his  tracking  problem  at  higher  xach  timbers  (.92+). 
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2.  F-104  Attacker,  F-86H  Defender: 

a.  In  attacking  with  the  F-104  the  only  teal  offensive  strength 
other  than  the  superior  speed  is  the  fact  that  the  F-104  is  difficult 
to  see  (especially  in  the  headcn  profile)  and  it  is  difficult  to  Judge 
ran'<ge  and  closure  rate. 

b.  If  the  defender  cakes  a  hard  turn  at  ranges  of  5000  feet  or 
less  the  F-104  can  make  a  gun  kill  before  sufficient  angle  off  is  gen¬ 
erated  by  the  defender.  This  is  providing  the  attacker  is  supersonic. 

At  subsonic  speeds  the  attacker  is  able  to  track  longer  but  Is  not  able 
to  close  into  gun  range  before  the  large  angles  off  are  generated.-  It 

it  therefore  no  advantage  to  slow  down  to  enhance  turn  radius  and  tracking 
tine.  Tilt  escapa  is  about  the  same  since  at  higher  overtake  speeds,  the 
defender  has  generated  less  turn  prior  to  his  reversal;  on  the  lower 
speed  pass,  the  defender  has  turned  farther  so  has  less  airspeed  hlnsalf 
and  has  a  larger  angle  to  reverse  through  before  he  poses  a  threat  to 
the  attacker. 

c.  If  the  defender  breaks  into  the  attack  at  ranges  outside  of 
4000  feet  it  is  not  possible  to  track  for  a  gun  kill.  The  escape  la 
no  problem  since  the  defender  has  lost  all  airspeed  and  has  generated 
great  angles  off. 

d.  At  low  altitudes  the  F-104  can  sooa  away  from  any  subsequent 
gun  attack  after  the  overshoot  but  Is  In  a  position  for  a  possible 
missile  attack  by  the  defender. 

e.  If  the  F-104  does  not  have  to  defend  against  missile  attack,  it 
can  stay  In  the  combat  area  and  spar  with  the  F-86  making  high  speed 
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attacks  against  the  defender  and  possibly  get  a  successful  gun  attack 
or  a  surprise  deep  six  attack,  if  the  F-86  loses  sight  of  his  attacker. 
In  any  case  the  F-86  could  be  kept  engaged  until  fuel  considerations 
required  the  F-104  tc  leave  the  fight. 

3.  (ACT-5)  F-104  Defending  Element  versus  F-86H  Attacking  Element: 

The  F-104  performed  defensive  split  with  the  F-86  closing  from  a 

stem  quartering  attack.  The  defensive  split  was  only  effective  In 
that  it  delayed  the  final  positioning  of  the  F-86.  In  order  for  either 
F-104  to  escape  both  must  perform  the  diving  sprial  type  of  escape. 

The  defensive  split  is  not  an  effective  maneuver  to  perform  against  the 
F-86H.  If  the  F-104  defenders  a?|>  fortunate  enough  to  spoil  the 
atteckers  at  a  mile,  it  is  mandatory  to  Immediately  dive  out  of  the 
fight  rather  than  attempt  any  other  maneuver  3 and  than  attempt  to  engage 
on  mors  favorable  terms. 

4.  F-104  Attacking  Element  versus  F-86H  Defending  Element: 

On  ACT-6  we  had  tima  for  two  passes  and  both  passes  wera  run  under 
the  same  parameters.  F-86H  at  35000  feet  and  .88  teach,  tha  F-104  at 
35000  feet  and  .90  mach.  Tha  attack  was  initated  from  4  o'clock  position 
about  five  miles  out. 

He  discounted  the  value  of  element  close  formation  tactics  eo  on 
the  initiation  of  tha  attack  tha  wiagman  slid  out  about  30  degrees  from 
the  lead  and  did  a  max  acceltrati.cn  lev  G  run  on  this  heading.  TSm  lad 
attacker  _>2gan  a  slow  turn  flying  a  pursuit  curve  and  accelerated  to  .98. 
As  the  lead  closed  in  to  about  a  mile  the  number  two  attacker  commenced 
ble  turn  In.  Shortly  thereafter  the  defenders  did  a  defensive  split. 
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They  performed  it  perfectly  with  the  #2  defender  calling  the  reversal 
as  the  attacker  overshot.  Since  the  vingman  was  obviously  pulling 
less  G's  he  was  tracked  for  a  few  moments  before  the  F-104  was  forced 
to  break  off  in  the  overshoot.  The  lead  defender  immediately  reversed 
and  the  wingman  rolled  under  but  the  attacking  F-104,  with  approximately 
.95  mach,  spiraled  down  and  to  the  left  with  no  real  difficulty  in 
achieving  separation.  About  this. time  the  #2  attacker  made  his  tracking 
pass  and  had  a  clear  shot  at  either  defender.  He  then  pulled  off  and 
rejoined  lead. 

During  this  attack  the  defenders  were  unable  to  pick  up  the  attacking 
lead  until  he  was  in  about  one  mile.  He  therefore  called  off  his  range 
and  angle  off.  They  never  did  pick  up  the  number  two  man. 

After  the  breakaway  the  lead  F-104  pulled  up  sharply  about  a  mile 
ahead  of  the  pursuing  F-86's  and  at  1.3  mach.  Within  30  seconds  the 
F-86's  were  in  gun  range  and  tracking  on  the  zooming  F-104.  This  con¬ 
firmed  earlier  findings  that  after  accomplishing  a  successful  escape  man¬ 
euver  It  is  unwise  to  zoom  up  and  try  to  return  immediately  to  the  combat 
area. 

On  the  second  pass  the  same  results  were  achieved,  however,  the 
attackers  did  not  get  enough  lateral  separation  and  the  #2  attacker  was 
in  the  attack  too  early  and  had  little  time  to  track,  if  any.  He  did 
distract  the  defenders  and  caused  them  to  lose  sight  of  the  lead  attacker 
who  had  commenced  bis  dive  for  separation.  On  observing  the  defenders' 
reverse  back  afte-  the  #2  attacker,  the  lead  rolled  out  and  zoomed  back 
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up  immediately  into  the  six  o'clock  of  the  defending  flight*  As  be 
was  completely  unobserved  he  had  no  evasive  action  to  contend  with 
at  this  time. 

On  both  attacks  the  attack  would  have  been  enhanced  had  the  lead 
attacker  accelerated  to  1.05  or  1.1.  A  speed  differential  of  .35 
between  the  two  attackers  is  just  a  little  too  much  and  a  supersonic 
pass  frsj  m  any  quarter  was  found  earlier  to  be  most  advantageous  for 
the  attacker. 
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*  SUMMARY  OF  THE  P-4C  PORTION  OF  TAC  MISSION  FF-85? 


Program  FF-857  was  established  to  determine  optimum  offensive  imd  defcn- 

a 


sive  tactics  for  the  F-4C  when  confronted  with  highly  maneuverable,  but 
subsonic  aircraft  of  the  MIG  15/17  type.  Air  National  Guard  F-86Hs 
were  the  closest  available  approximations  to  the  desired  maneuvering 
and  performance  characteristics  and  were  used  as  adversaries  throughout 
the  evaluation.  The  specifics  of  the  program  were  defined  by  the  USAF 
Fighter  Weapons  School,  under  the  direct  supervision  of  Colonel  James  C. 
Hare,  Commandant,  with  Captains  Muskat  and  Williams  as  project  officers. 
Three  F-4Cs  with  five  pilots,  one  maintenance  officer,  and  fourteen 

maintenance  support  personnel  were  provided  by  the  4453  CCTW  for  the 

* 

period  2  May  >  7  May  at  Nellis  AFB,  Nevada.  Lt  Colonel  R.  S.  Parr 
commanded  the  F-4C  detachment  and  functioned  as  F-4C  project  liaison 
with  the  Fighter  Weapons  School. 

The  Evaluation  as  planned  by  the  fighter  weapons  project  officers 

required  sixteen  flights,  broken  down  as  follows j 

Air  Combat  Tactics  I  -  F-86H  vs  F-4C  (Gun  Attack) 

(3  Sorties) 


ACT 

II 

(3  Sorties) 

ACT 

III 

(3  Sorties) 

F-4C  vs  F-86H  (Cun  Attack) 

F-86H  vs  F-4C  (Missile  Attack  with 
Followup  Gun  Attack) 


ACT 

(3  Sort! as) 


XV  -  P-4C  vs  F-86H  (Missile  Attack  with 
Follow-up  Gun  Attack) 


ACT 

(2  Sorties) 


V  -  2  F-86H  vs  2  F-4C  (Evaluate  Element 

Defensive  Tactics  against  Gun  Attack) 


ACT 

(2  Sorties) 


VI  -  2  F-4C  vs  2  F-86H  (Evaluate  Element 
Offensive  Tactics  for  a  Gun  Attack) 


CCttilys^TlAI, 
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There  was  allowance  for  additional  sortiea,  if  needed,  to  further 
validate  or  investigate  findings  on  any  of  the  previously  flown  sortiea. 

As  flown  the  project  required  eighteen  sorties,  the  two  additional 
flights  were  to  further  substantiate  the  findings  on  ACT  I  and  ACT  XIX. 
ACT  V  and  VX  were  combined  and  accomplished  on  the  final  flight  because 
the  F-86s  were  forced  to  air  abort  on  ACT  V  when  one  of  their  aircraft 
experienced  a  minor  emergency  on  climb  out. 

SUMMARY  BY  MISSION  TYPE 
ACT  I: 

a.  With  the  F-4C  simulating  Combat  Air  Patrol  at  35,000',  .85M, 
the  attacker  closes  to  approximately  4,000-5,000  feet,  10°-15°  angle- 
off,  at  .94-.97M  prior  to  any  defensive  maneuvers  by  the  F-4C. 

(1)  The  most  consistently  successful  escape  was  achieved  by 
pushing  to  approximately  0  to  ^  ,'G",  simultaneously  advancing  to  maximum 
power  while  rolling  approximately  60°  bank  angle  into  the  attacker. 

This  resulted  in  a  rapid  acceleration  to  co-speed  while  the  attacker 
closed  an  additional  1,000'  to  1,200'  then  an  ever  increasing  separation 
to  well  out  of  effective  gun  range.  The  length  of  time  at  0  to  %  *\*M, 
thus  allowing  maximum  acceleration,  is  a  function  of  aircraft  limitations, 
attacker  range  at  initiation  and  attacker  closing  rate. 

b.  *F-4 C  simulating  cruise  with  load  at  20,000',  . 78M,  otherwise 
same  as  previous  encounter. 

;(1)  Essentially  the  same  as  35,000',  but  it  is  imperative  that 
any  higA  drag/heavywelght  stores  should  be  dropped  immediately.  Addi¬ 
tional  measures  such  as  rolling  or  "Jinking"  while  asperating  from 
attacker  would  severely  limit  his  ability  to  track  at  long  range. 
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ACT  II: 

a.  F-86H  at  35,000',  .83M,  F-4C  initiates  stern  quarter  gun  attack, 
F-86  commences  evasive  maneuvers  at  4,000-5,000*  attacker  range. 

i|l)  Although  the  F-4Cs  were  on  the  offensive  for  this  mission, 
the  F-86s  were  tasked  with:  1.  escaping,  and  2.  attempting  a  gun  or 
heat  missile  attack  then  and  if  the  F-4Cs  overshot. 

If  the  F-86s  initiated  proper  evasive  maneuvering  well  prior  to 
F-4C  gun  range  they  invariably  escaped.  If  they  misjudged  closure  rates 
and  delayed  their  evasive  maneuvering  or  reversed  too  soon  on  anticipated 
overshoot,  they  could  be  tracked  and  probably  destroyed.  It  was  impera¬ 
tive  for  the  F-4s  to  keep  their  mach  up  throughout  the  attack  to  achieve 
escape  after  overshooting.  If  the  F-4  slowed  and  attempted  to  maneuver 
with  the  F-86/  they  were  extremely  vulnerable.  The  optimum  mach  for  the 
F-4s  appeared  to  be  approximately  1.0-1. 1M.  This  kept  closure  rates 
to  a  reasonable  value,  and  still  allowed  either  a  successful  maximum 
afterburner  climbing  departure  or  quarter  roll  descending  break'triien 
tracking  was  no  longer  practical.  In  this  phase,  mach  must  not  be 
sacrificed  in  attempts  to  out-maneuver  the  adversary. 

b,  'F-86  at  20,000',  .8M,  F-4C  initiates  stern  quarter  gun  attack. 
F-86  commences  evasive  maneuvering  at  4,000-5,000  attacker  range. 

r(l)  Same  comments  as  above. 

ACT  III r 

a.  F-4C  at  35,000',  .85H  simulating  CAP.  F-86H  initiates  stern 
quarter  heat  missile  and  follow-up  gun  attack.  F-4C  defensive  maneu¬ 
vering  starts  when  attacker  at  6,000-7,000  foot  range. 
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(1)  Thi»  is  by  far  the  most  difficult  attack  to  thwart.  To 
defeat  the  missile  attack  it  is  necessary  to  turn  into  the  opponent*  to 

defeat  the  gun  attack  requires  separation.  A  level*  or  nose  high,  maxi-. 

1 

mum  afterburner,  hard  turn  into  the  attackers  would  preclude  a  success¬ 
ful  missile  attack  but  would  permit  closure  and  a  successful  gun  attack. 
The  optimum  defensive  tactic  appeared  to  be  an  immediate,  nose  low, 
maximum  afterburner  turn  into  the  attacker.  Approximately  30°  nose  down 
with  not  more  than  three  "G"  initially  would  allow  acceleration,  but  still 
shrink  the  missile  envelope  enoup.i  to  defeat  the  missile  attack,  vhlle 
the  acceleration  effectively  separated  from  the  F-86  and  precluded  a 
successful  gun  attack.  A  further  roll  reversal  underneath  achieved 
maximum  separation  rate,  but  did  not  seem  to  be  necessary.  Premature 
zooms,  after  initially  escaping,  would  probably  result  in  a  successful 
missile 'or' gun  kill  by  the  opponent  if  he  pressed  the  attack. 

b.  F-4C  at  20,000',  . 78M  simulating  heavyweight  cruise.  F-86 
initiates  stern  quarter  heat  missile  and  follow-up  gun  attack. 

(1)  Same  as  above,  bit;  the  reduced  altitude  preclude  any  steep 
accelerating,  moderate  ’XI"  roll  under s  after  the  initial  phase. ' 

ACT  IVs' 

a.  F-86  at  35,00<V,  .82H,  F-4C  initiates  heat  missile  attack  from 
stern  quarter  with  f  -llow-up  gun  attack. 

(1)  Essentially  the  sane  as  ACT  XI.  Barrel  roll  attacks  for 
an  optimum  heat  missile  launch  were  attempted,  but  the  superior  maneu¬ 
verability  of  the  F-86,  and  the  extremely  limited  capabilities  of  the 
Sidewinder  against  a  maneuvering  target  precluded  success. 
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ACT  ?  ! 

a.  Two  F-4s  simulating  CAP  at  35,000',  .£!6M <  two  T-86s  initiate 

1 1* 

stern  quarter  gun  attack.  F-4s  commence  defensive  maneuvering  at 
approximately  4,000-5,000'. 

(1)  For  adequate  mutual  support  it  is  essential  for  the  defenders 
to  maintain  line  abreast.  Early  recognition  of  the  attackers  as  to  type, 
range  and  closure  rate  allowed  adequate  defensive  maneuvering  to  preclude 
a  successful  gun  attack. 

ACT  Fit 

a.  Two  F-86s  simulating  cruise  at  35,000',  .82Mr  two  P-4s  attack' 
from  stern  quarter. 

(1)  Essentially  the  same  as  ACT  II.  Because  of  the  mutual 

*  *  • 

support  aspect  of  this  mission  it  is  feasible  to  press  the  attack  fur¬ 
ther.  Optimum  element  tactics  could  not  be  established  on  the  basis 
of  a  single  flight. 

GENERAL  COMMENTS: 

In  preparation  for  the  evaluation,  the  teem  leader  initiated  dis¬ 
cussions  among  the  F-4  pilots  to  establish  principles  and  compare  cap¬ 
abilities  of  the  F-4  and  F-86H.  Although  specific  performance  and 
maneuvering  date  were  not  available  for  the  F-86H,  experience  verified 
by  rough  calculation  Immediately  established  the  decided  maneuvering 
advantage  of  the  F-86  at  indicated  speeds  of  400K  and  below,  and  at 
the  altitudes  to  be  used  for  the  program  this  was  the  applicable  envelope. 
This  was  translated  into  the  first  principle: 
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(1)  It  is  pointless  to  attempt  outturning  the  F-86  with  the 
F-4C  as  presently  configured.  It  is  conceivable,  however,  that  a 
supplemental  lift  device  could  improve  the  F-4C's  turn  capability  and 
make  it  competitive  with  the  F-86. 

Since  the  F-4C  cannot  out-maneuver  the  F-86,  the  second  principle 
logically  followed: 

(2)  When  attacked,  the  F-4C  should  immediately  strive  for 
separation  and  re-enter  the  flight  on  its  own  terms. 

The  performance  comparison  included  the  oovious  fact  that  the  F-86 
was  mach  limited  to  approximately  1.0,  and  then  only  in  a  steep  dive. 
Further  discussion  and  calculation  Indicated  a  decided  advantage  in  thrust 
to  weight  ratio  in  favor  of  the  F-4C.  This  fact  has  to  be  tempered  with 
drag  considerations,  since  excess  thrust  to  weight  ratio  determines  per¬ 
formance  capabilities.  This  ratio  is  greatest  at  the  best  climb  speed 
for  any  given  altitude,  which  closely  approximates  .9M  for  the  F-4C  la 
the  configuration  and  at  the  altitudes  flown.  In  view  of  the  drag 
characteristics  associated  with  low  aspect  ratio,  high  wing  loaded  air¬ 
craft,  any  maneuver  which  Increases  lift  greatly  Increases  drag  and 
therefore  decreases  excess  thrust. 

It  logically  follows  that  any  actions  which  maximize  excess  thrust 
assist  in  achieving  the  desired  separation.  If  the  aircraft  is 
'‘unloaded**  to  0  to  %  'VJ**,  drag  is  minimized,  excess  power  Increases 
and  maximum  separation  rata  is  achieved.  If  it  is  essential  to  turn 
into  the  opponent  to  defeat  a  missile  attack  'UN  must  be  applied  spar¬ 
ingly  and  the  nose  allowed  to  drop  (at  medium  and  high  altitudes}  to 
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allow  acceleration  and  thua  separation.  Operation  at  M  below  that  for 
beat  climb  represent  a  loss  in  efficiency,  allow  the  attacker  to  close 
further  and  increase  the  speed  differential,  thus  time  thru  which  the 
defender  must  accelerate.  This  leads  to  the  last  principle: 

(3)  Keep  your  mach  up. 

The  higher  your  initial  mach,  the  less  closure  rate  for  the  attacker, 
and  the  more  time  available  for  sighting  and/or  maneuvering. 

The  flights  conducted  throughout  the  program  Indicated  several  areas 
for  further  development  or  investigation. 

a.  The  Sidewinder  (AIM-9/B)  is  severely  limited  when  employed 
against  a  maneuvering  target. 

b.  There  is  a  definite  need  to  develop  Sparrow  III  employment  tae- 
ics  against  maneuvering  target  without  a  GCI  environment;  the  range 

capabilities  of  the  missile  greatly  exceed  the  visual  Identification 
envelope. 

c.  Aft  visibility  from  the  F-4C  Is  severely  restricted  by  the 
"flush"  canopy  design.  Removal  of  the  aft  cockpit  instrument  hood  assists 
slightly,  and  the  installation  of  mirrors  in  the  aft  cockpit  also  assists, 
but  even  with  these  changes  it  is  still  very  poor. 

d.  A  lift  supplement,  such  as  maneuvering  flaps,  could  greatly 
increase  the  ACM  potential  for  the  F-4C. 

e.  The  trim  change  gradient  associated  with  airspeed  changes,  and 
the  relatively  slow  trim  response  of  the  F-4  make  maximum  performance 
maneuvering  difficult. 

f.  'Currently  established  flight  tactics  should  be  thoroughly 


reviewed  and  validated. 
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g.  If  Che  P-4  is  to  be  employed  eg  an  air  superiority  weapon,  a 
moduled  gun  and  a  piloC  controlled  computing  sight  are  essential. 

h.  If  the  roll  damper  in  the  P-4  is  not  precisely  adjusted,  it  can 
cause  unnecessary  tracking  difficulties.  A  pilot  selected  roll  daaqper 
would  eliminate  this  limitation. 

i.  The  automatic  shoulder  harness  lock  installed  in  the  Martin 
Baker  seat  severely  limits  pilot  mobility  when  maneuvering.  Again,  a 
selective  cutout  of  this  feature  would  be  highly  desirable. 

j.  The  almost  complete  lack  of  a  vigorous  ACM  program  throughout 
the  Air  Porce  severely  limits  our  potential.  ACM  takes  practice  and 
Judgement,  proficiency  cannot  be  achieved  by  reading  manuals  and 
theorizing.  The  risks  Inherent  in  maximum  performance  maneuvering  can 
be  minimized  by  education  and  supervision.  Unrealistic  limitations 
would  defeat  the  fundamental  purpose. 

k.  The  scope  of  TAG  Program  FP-857  was  too  limited.  ACT  against 
like  aircraft,  simulating  MIG  19,  MIG  21,  etc.  should  have  been  included. 
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ACT  MANEUVER  DIAGRAMS  AND  EXPLAHATIOM  ' 

1.  HIGH  SPEED  YO-YO  (Figure  1) 

The  high  speed  yo-yo  is  an  offensive  maneuver  in  which  the  attacker 
manei-vers  through  the  vertical  and  horizontal  planes  to  prevent  an  over¬ 
shoot  in  the  plane  of  the  defender's  turn.  When  an  overshoot  appears 
imminent,  the  attacker  pulls  up  into  vertical  plane,  so  that  nose  tall 
separation  can  be  maintained.  Afterburner  should  be  employed  as  required 
(especially  in  F-105)  to  maintain  some  closure.  At  the  slower  speed  in 
the  ap ex,  a  turn  is  made  to  realign  with  the  defender's  6  o'clock  posi¬ 
tion. 

2.  LOW  SPEED  YO-YO  (Figure  2) 

The  low  speed  yo-yo  is  an  offensive  maneuver  which  provides  turn 
cut-off  and  closure  speed  in  a  Lufberry  turn,  or  Increased  closure  rate 
in  a  running  battle.  To  gain  position  quickly,  with  this  maneuver,  the 
attacker  lights  the  afterburner  and  dives  below  and  inside  the  defender's 
flight  path,  <ind  then  pulls  up  to  zoom  at  thei  defender  end  either  pulls 
into  his  turn,  or  executes  a  follow  up  high  speed  yo-yo  if  the  angle 
off  is  too  high, 

3.  THE  SCISSORS  MANEUVER  (Figure  3) 

The  scissors  is  a  defensive  maneuver  in  which  e  series  of  turn 
reversals  is  executed  in  an  attest  to  achieve  an  offensive  potential 
.after  an  overshoot  by  an  attacker.  Success,  when  employing  the  scis¬ 
sors  maneuver,  depends  on  the  defender's  sbllity  to  achieve  a  lower 
velocity  component  in  the  direfctlon  of  the  flight,  using  e  large  amount 
of  turning  and  rapid  d^ced  reduction. 
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The  vertical  rolling  scissors  la  a  defensive  maneuver  which  la  used 
when  a  defensive  turn  In  the  vertical  plane  causes  the  attacker  to  over-* 
shoot.  The  defender  then  reverses  into  the  attacker,  and  continues  a 
high  6  rolling  maneuver  to  force  the  attacker  out  front. 

5.  BARREL-ROLL  ATTACK  (Figure  5) 

This  offensive  maneuver  can  be  effectively  employed  when  approaching 
a  defender  at  high  angle  off  and  long  range.  If  a  high  speed  yo-yo  is 
employed  under  these  circumstances,  the  attacker  Is  forced  to  an  extremely 
high  apex  In  order  to  maintain  nose-tall  separation  and  stay  inside  tha 
defender's  turn  radius.  The  barrel-roll  attack  allows  the  attacker  to 
reduce  his  velocity,  cut-off  and  turn  Inside  the  defender's  turn,  then 
regain  velocity  after  angle  off  Is  diminished. 

6.  HIGH  G  BARREL-ROLL  (Figure  5  &  6) 

Tha  high  G  barrel-roll  is  a  "last  ditch"  defensive  maneuver  which 
Is  used  to  fores  the  attacker  out  front.  The  maneuver  is  a  max  perform¬ 
ance,  vector  roll  designed  to  rapidly  reduce  aircraft  Indicated  airspeed 
and  vector  velocity.  The  roll  can  be  made  In  the  direction  of  the  turn 
(under)  or  following  a  reversal  (over).  The  high  G  barrel-roll  over  tha 
top  is  performed  if  an  attacker  is  detected  with  low  rate  of  closure  at 
gun  range,  and  the  defender  knows  that  a  brew’s  would  not  be  successful. 

The  maneuver  requires  a  high  angle  of  attack  capability  at  slow  speed 
end  Is  generally  not  suitable  for  F-104  type  (high  horisontal  tell  surface) 
aircraft.  For  the  F-105,  since  control  response  Is  sluggish  and  slrspssd 
bleed  off  rapid,  the  maneuver  Is  not  recommended.  The  high  G  roll  under 
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is  performed  if  low  airspeed  does  not  permit  execution  over  the  top,  and 
as  a  last  ditch  maneuver  for  F-105  aircraft.  In  the  F-105  aircraft, 
rapid  speed  bleed  off  plus  an  approximate  5000'  altitude  loss  will  result. 
The  high  G  roll  under  is  entered  with  a  rapid  roll  to  the  inverted  posi¬ 
tion. 

7.  DIVING  SPIRAL  (Figure  8) 

The  diving  spiral  is  performed  as  a  last  ditch  maneuver  designed 
to  prevent  gun  or  AIM-9/8  type  missile  kill  while  the  defender  is  gaining 
airspeed  for  separation,  or  to  perform  a  reversal  up  into  the  attack. 

Entry  to  the  diving  spiral  is  similar  to  the  high  G  roll  under.  From 
the  Inverted  position  the  aircraft  is  pulled  into  a  vertical  spiral  or 
a  spiral  with  a  lesser  axis  of  descent,  depending  on  altitude  available. 
Max  power  is  used  and  moderate  G  is  combined  with  a  rapid  roll  rate  to 
defeat  the  attacker's  tracking.  The  increasing  airspeed  will  Increase 
both  acceleration  and  G  capability.  As  airspeed  builds,  G  is  relaxed 
to  allow  further  airspeed  increase  for  separation. 

8.  DEFENSIVE  SPLIT  (Figure  9) 

The  defensive  split  is  performed  if  an  element  is  attacked  and  cannot 
achieve  separation  or  turn  to  meet  the  attack.  A  defensive  turn  is  held 
to  defeat  the  AIM-9 /B  type  missile  attack.  As  the  attacker(i)  close 
for  a  gun  attack,  the  defending  element  leader  calls  the  split  as  the 
attackers  approach  gun  range.  The  low  defender  continues  a  hard  turn  or 
increases  to  a  break  ss  required  and  the  high  defender  slides  high  to 
acquire  a  line  abreast  position  in  the  vertical  and  horlsontal  plana, with 
about  3000-4000'  separation.  The  object  ia  to  force  the  attacker(s)  to 
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commit  themselves  to  ope  of  the  defenders.  Once  the  attacker  commit'* 
ment  has  been  made,  the  defender  under  attack  maneuvers  as  required  to 
stay  alive,  and  the  free  defender  effects  a  "sandwich",  with  the  attacker(s) 
in  the  middle.  Several  options  are  available  depending  on  the  attacker(s) 
commitment. 

9.  For  full  information  on  Air  Combat  Tactics  Maneuvers,  refer  to  USAF 
Fighter  Weapons  School' Lesson  Plan  50-10-6C  "Aerial  Attack  Study". 
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ENERGY  MANEUVERABILITY  HAPMUH  SUSTAINED  G  CAPABILITY 

1.  During  the  first  week  of  the  evaluation,  P-86H,  P-100D,  and  P-105D 
aircraft  performed  thrust  limited  level  turns  to  spot  check  martmiiq 
surtained  G  values  at  the  zero  Ps  point  (level  flight)  shown  on  the 
PsV  energy  maneuverability  charts  contained  in  this  annex.  These' 
checks  were  performed  at  selected  indicated  machs,  and  for  the  P»86H 
and  P-100  .  02  mach  was  added  to  the  recorded  speeds  -to  obtain  a  true 
mach  reading  with  which  to  enter  the  PsV  charts.  P-105  aircraft  cock¬ 
pit  mach  Indication  is  in  true  mach. 

2.  To  gather  such  data,  pilots  climbed  to  either  15,000*  or  35,000*, 

as  briefed,  acquired  the  specified  indicated  mach  in  level  flight  and  *». 

then  entered  a  level  turn,  advancing  power  to  the  specified  setting  as 
G  was  Increased.  The  turn  was  then  held  as  tight  as  possible  without 
encountering  sp*  ed  or  altitude  loss,  and  average  cockpit  G  meter  read¬ 
ings  were  recorded  through  a  stabilized  turn  cf  90°  -  180®. 

3.  This  data  is  presented  in  Table  1.  The  values  listed  under  "Pre¬ 
dicted  Max  G"  are  from  the  PsV  diagrams  in  this  annex  for  the  specified  ’ 
aircraft,  true  mach,  and  altitude.  For  the  I-86H,  there  are  presently 
no  PsV  charts.  For  purposes  of  comparison,  corresponding  values  for 

the  MIG  17  (AB  power)  are  shown  in  the  ^Predicted  Max  GN  column  for  the 

F-86B  entries.  The  PsV  diagrams  were  computed  for  SOX  of  internal  fuel 

remaining.  Such  amounts  of  fuel  for  each  type  of  aircraft  are  as  follows! 

P-100  -  3900# 

F-105D  -  5000# 

F-86H  -  1800# 

The  actual  fuel  remaining  at  the  time  the  data  was  recorded  is  presented, 
since  some  degradation  at  improvement  in  performance  would  he  reflected 
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with  variation  *n  fuel  remaining. 

4,  .  It  must  be  emphasized  that  the  recorded  data  is  presented* only  as 
a  guide,  in  that  inaccuracies  could  be  attributed  to  any  or  all  of  the 
following  factors.  Data  was  observed  visually  by  the  pilot  and  recorded 
on  a  knee  board. 

a.  Pilot  technique. 

b.  Cockpit  instrument  inaccuracy. 

c.  Variations  in  thrust. 

d.  Variation  in  fuel  on  board. 

e.  Non-standard  atmosphere  conditions. 

5.  It  should  be  noted  that  the  values  computed  for  the  MIG  17  in  AB 
power  exceed  in  all  cases  the  values  recorded  for  the  P-86H. 

6.  At  the  present  time  a  fu.'.l  test  on  verification  of  Q(  data  1» 
being  conducted  at  Eglin  APB,  utilizing  instrumented  aircraft  and  more 
exact  testing  techniques. 
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TABLE  1 


Typ« 

Aircraft 

Altitude 

True 

Mach 

Power 

Setting 

F-100D 

35,000' 

.92 

MIL 

F-100D 

35,000' 

.92 

MIL 

F-IOOD 

35,000' 

.82 

MIL 

F-IOOD 

35,000' 

.82 

MIL 

F-IOOD 

35,000' 

.92 

MAX 

F-IOOD 

35,000' 

.92 

MAX 

F-IOOD 

35,000' 

1.12 

MAX 

F-IOOD 

35,000' 

1.12 

MAX 

F-IOOD 

15,000' 

.82 

MIL 

F-IOOD 

15,000' 

.92 

MIL 

F-IOOD 

13,000* 

.92 

MIL 

F-iOOD 

15,000' 

.82 

MAX 

F-IOOD 

15,000' 

.92 

MAX 

F-IOOD 

15,000’ 

.92 

MAX 

F-105D 

35,000' 

.8 

MIL 

F-105D 

35,000' 

.9 

MIL 

F-105D 

35,000' 

.8 

MAX 

F-103D 

35,000' 

.9 

MAX 

F-105D 

35,000' 

l.l 

MAX 

F-105D 

33,000' 

1.3 

MAX 

7-LOSS 

13,000' 

.7 

MIL 

Recorded 
Max  6 

Predicted 
Max  6 

Fuel  Re¬ 
maining/# 

3 

1.2 

5200 

1.2 

2.0 

5200 

1.5 

5100 

1.5 

1.9 

4800 

2.3 

5000 

3.0 

2.6 

4800 

2.0 

3800 

2.5 

1.3 

4900 

3.0 

3.3 

3000 

1.0 

4500 

1.0 

2.2 

4500, 

4.5 

5.0* 

2900 

3.5 

3200 

3.5 

5.04- 

4400 

1.3 

1.2 

2300 

1.4 

1.3 

7100 

1.75 

1.5 

7200 

2.0 

1.9 

7000 

2.0 

2.0 

6900 

2.1 

2.0 

5500 

2.2 

2.3 

3500 
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Aircraft 

Altitude 

True 

Mach 

Power 

Setting 

Recorded 
Max  G 

Predicated 
Max  G 

Fuel  Re- 
Sfi*S*Bg& 

F-105D 

15,000' 

.8 

MIL 

2.7  , 

2.6 

3300 

F-105D 

,  15,000' 

.9 

MIL 

3.2 

3.0 

3200 

F-86H* 

35,000' 

.72 

MIL 

2.0 

2200 

F-86H 

35,000' 

.72 

MIL 

2.5 

2600 

F-86H 

35,000' 

.72 

MIL 

2.2 

(2.8) 

2000 

F-86H 

35,000' 

.82 

MIL 

2.2 

2100 

F-86H 

35,000' 

.82 

MIL 

2.6 

2600 

F-86H 

35,000* 

.82 

MIL 

2.0 

1800 

F-86H 

35,000' 

.82 

MIL 

1.9 

(3.0) 

3200 

F-86H 

35,000' 

.92 

MIL 

1.6 

2200 

F-86H 

35,000' 

.92 

MIL 

i.l 

1600 

F-86H 

35,000' 

.92 

MIL 

1.6 

3300 

F-86H 

35,000’ 

.92 

MIL 

1.75 

(2.8) 

2200 

F-868 

15,000’ 

.72 

MIL 

5.0  f 

1500 

F-868 

15,000' 

?2 

MIL 

4.5  -  5,0 

1600 

F-86H 

15,000' 

.72 

MIL 

5.5 

2400 

F-868 

15,000' 

.72 

MIL 

5.0 

(5. Of) 

«• 

F-868 

15,000* 

.82 

MIL 

4.5 

1700 

F-86H 

15,000' 

.82 

MIL 

4.5 

2300 

F-868 

15,000' 

.82 

MIL 

4.7 

V 

1/00 

F-868 

15,000' 

.82 

MIL 

4.0 

(5. Of) 

F-868 

15,000' 

.92 

MIL 

2.5 

1700 
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ENERGT  MANEPVERABILITT  TEEORT 


1.  DEFINITION  OF  TERMS:  Energy  Maneuverability  Theory  is  a  system  of 
quantitatively  relating  the  performance  of  different  -aircraft  at  any 
airspeed  or  altitude.  For  use  of  this  theory  in  tactics  evaluation  and 
performance  comparison,  two  basic  concepts  are  Involved. 

a.  Specific  Energy  Le-.'elt  This  is  a  measure  of  the  energy  possesaed 
by  a  fighter  as  a  result  of  its  position  at  a  particular  speed  and  aiti- 
tude.  A  fighter  with  a  high  Specific  Energy  Level  has  an  advantage  in 
speed  and/or  altitude  over  one  with  low  Specific  Energy  Level.  Hard 
maneuvering  especially  at  high  altitudes,  normally  causes  a  Specific 
Energy  Loss,  hence  it  is  to  the  advantage  of  an  attacking  aircraft  to 
initiate  the  attack  with  a  higher  energy  level  than  its  opponent.  The 
attacker  can  afford  then  to  trade  this  energy  while  maneuvering  for 
position. 

b.  Specific  Excess  Power  or  Energy  Rate;  Energy  rate  is  a  measure 
of  the  time  rate  at  which  a  fighter  gains  or  looses  energy  and  is  equiva¬ 
lent  to  the  specific  excess  power  of  that  fighter.  Specific  excess  power 
is  that  amount  of  extra  power  possessed  by  the  fighter  after  the  normal 
power  required  merely  to  "stay  in  ths  air"  has  been  subtracted.  In  other 
words  .  it  is  a  measure  of  the  extra  power  available  to  climb,  accelerate, 
or  turn  tighter  as  required  by  ths  os.-jeuvaring  situation.  A  poaltlva 
energy  rate,  thus  indicates  capability  for  gain  of  speed,  altitude,  or 

G,  while  a  negative  rate  indicates  that  tb  fighter  must  lose  speed  and/ 
or  altitude  or  it  must  relax  tha  0  load. 
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Es  "  Specific  Energy  *  h  +  ~-r 

64#4 

Es  Units  in  feet 
h  “  height  in  feet 

V  “  velocity  in  feet  per  second  (true  airspeed) 

P s  -  Specific  excess  power  «  energy  rata 
Ps  Units  in  feet/sec 

2.  PsV  DIAGRAM:  Refer  to-  figure  10  and  note  the  following* 

a.  At  .8M,  pulling  5  Gs,  the  P-104  and  MIG  21  are  an  even  match* 

Both  have  a  positive  Ps  of  approximately  325  ft/sec.  The  specific  excess 
power  (energy  rate)  can  be  used  to  increase  altitude,  airspeed,  or  turn  (G) . 

b.  At  1.1M,  pulling  5  Gs,  the  F-104  has  a  negative  Ps  of  220  and  the 
MIG  21  has  a  negative  Ps  of  150.  Both  aircraft  are  losing  energy,  but 
the  P-I04  is  losing  it  faster* 

c.  The  P-104  has  an  advantage  (sea  level)  from  .7  or  *8M  to  slightly 
ever  ranch  one. 

3.  HV  (Energy  Rate)  DIAGRAM:  Refer  to  figure  11  and  notet 

a.  At  45M,  1.35M,  the  F-104  and  MIG  21  are  an  even  match.  Both 
aircraft  have  a  positive  Ps  of  100  ft/sec.  This  Ps  can  be  used  to 
Increase  altitude,  airspeed,  or  turn  (G). 

b.  At  43K,  the  max  steady  state  oach  number  for  the  P-104  is  2.0. 

At  the  same  altitude  the  MIG  21s  max  velocity  Is  2.2M. 

e.  At  1.3  or  1.4  to  oach  2.0  the  F-104  enjoys  an  advantage  at  all 
altitudes,  since  the  solid  (F-104)  lines  fall  above  the  dotted  (MXG  21) 
lines. 
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INFORMATION 


DEPARTMENT  OF  THE  AIR  FORCE 
USAF  WEAPONS  SCHOOL  (ACC) 
NELLIS  AIR  FORCE  BASE,  NEVADA 


P 


14  November  1995 

MEMORANDUM  FOR  DTIC 

FROM:  USAF  WS/DCO 
4325  Tyndall  Ave 
Nellis  AFB  NV  89191-6075 

SUBJECT:  Release  of  USAF  Weapons  School  Publication 

Publication  titled.  Final  Report:  TAC  Mission  FF  857  Air  Combat  Tactics  Evaluation.  AD  372 
500  was  declassified  on  6  October  1995  and  is  cleared  for  public  release.  POC  is 
It  Lt  Angelene  Barton  at  DSN  682-4972. 


/JAMES  D.  CANTWELL,  Lt  Col,  USA* 
Deputy  Commandant 


